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AUTHOR’S PREFACE TO THE SEVENTH ENGLISH 

EDITION 


So long as there is a public to buy it a novel can be reprinted 
unchanged; but even with an interval of only a few years betweem 
successiv(i issu(‘s, each new edition of a text-book of chemistry needs 
not only careful revision, but also the rewriting of some of its chapters. 

This fact has rendend it impossible to avoid making many alter- 
ations for the seventh (‘dition. One of the chief features is the space 
allotted to the applications in organic chcmiistry of physico-chemical 
ra(ithods such as refraction, absorption, viscosity, and so on. The 
importance of the.se properties in organic chemical research is steadily 
increasing, and I think it necessary to mention them even in a short 
text-book of this d(;scription. The chapter on carbohydrates has been 
modifi(Hl by the iiKilusion of an account of the recent important 
researches of Iuvine, Haworth, and their collaborators on the consti- 
tution of tlie diosos, and by the rewriting of the section on enzymes. 
In connexion with dyestuffs a review*of the relationship between con- 
stitution and colour is included. Robinson’s lat('st vi(^ws as to the 
constitution of strychnine have b(^on indicated. With a view to obviat- 
ing undue ('xpansion of the text as' a result of the inclusion of new maj,- 
ter, I have ckiemed it imperative to sacrifices certain sections now of 
diminished importance. A comparison of this (*dition with the pre- 
ceding issue will reveal numerous minor alterations in many parts of 
the volume. 

When this book is read for the first time, the matter printed from 
small type should be; omitted, as it contains numerous references to 
subs(;(iuent portions of the text. Such references arc avoieled in great 
measure in the part printed from large type. 

A. F. Holleman. 

Blobmend,\al, Nrtheulands 




AUTHOR’S PREFACE TO THE FIRST ENGLISH 

EDITION 


Most of the shoit text-books of Organic Chemistry contain a great 
number of isolated facts; tlie number of compounds described in them 
is so considerable as to confuse the beginner. Moreover, the theoretical 
grounds on which this division of the science is based are often kept in 
the background; for example, the proofs given of the constitutional 
formula? frequently leave much to be dcsir(?d. However useful these 
books may be for reference, they are often ill-suited for text-books, as 
many students have learned from their own experience. 

In this book I have endeavoured to keep the number of unconnected 
facts within as narrow limits as possible, and to give prominence to the 
theory underlying the subject. For this reason, a proof of the struc- 
ture of most of the compounds is given. This was not possible for the 
higher substitution-products of the aromatic series, so that the methods 
of orientation employed in it are desciibcd in a special chapter. 

Physico-chemical theories, such as the laws of equilibrium, ioniza- 
tion, and others, are becoming more and more prominent in organic 
chemistry. I have attempted in many instances to show how useful 
they are in this branch of the science. Such important technical 
processes as the manufacture of alcohol, cane-sugar, etc., are also 
included. The book is essentially a text-book, and makes no claim to 
be a “Beilstcin” in a very compressed form. 

I^astly, it may be mentioned that this book has also been translated 
into tfonrian, the second edition having just appeared, and that an 
Italian edition is in pi'cparation. 

A. F. IIOLLEMAN. 

Guoninoen, Netherlands, Noveinl^cr, 1902. 
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NOTE 


The publication of this issue of Professor Holleman’s “Text-Book 
of Organic Chemistry” raises the total number of editions published in 
nine languages to fifty-two. 

The text of the seventh English edition has been revised completely, 
and a considerable proportion of new matter has be(;n incorponited. 

Temperatures not marked specially arc on the centigrade scale, 
Jloferenccs in the text to “Inorganic Chemistry” allude t^' the seventh 
English edition of Professor Holleman’s “Text-Book of Inorganic 
Chemistry,” edited by Dr. Heiimon C. Cooper, and published by 
Messrs. John Wiley & Sons, Inc. The “Laboratory Manual” men- 
tioned is the fourth English edition of Professor Holleman’s “Labora- 
tory Manual of Organic Chemistry for Beginners,” published by Messrs. 
John Wiley & Sons, Inc. This work constitutes an appendix to th(f 
text-book, and should be employed as a guide to laboratory work prior 
to the systematic course of preparations essential to progress in the 
study of organic chemistry. 
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iNTH.OpUG'UJeiVj, 

I. Organic Chemistry is the "Chemistry of the Carbon Compounds, 
The word “ Organic ” has now lost its historic meaning, given it at the 
beginning of last century, and originating in the Iwlief in the impossi- 
bility of the formation of the animal and vcgf'tablo substances prestmt 
in organized natum apart from an obscure and unique influence termed 
the “ Vital force.” At that time them was much confusion between 
organized substances, such as muscles, fibres, and other types of colls, 
and the true organic compounds constituting them. In his celebrated 
text-book published in the year 1831, Berzklitis (1779-1848) empha- 
sized the gn‘at improbability of such organic substances being prepared 
artificially, a conclusion induced mainly by this confusion of thought. 
Until almost the year 1850 the term “Organic f Chemistry ” was confined 
to the study of the compounds produced by plants and animals, and to 
that of th(i more or less complex decomposiiion-products obtainable 
from these subs(.anc<is by various means. Among these derivatives 
then; were many not found in nature, but it was thought impossible to 
synth<!size the compound bodies from their decomposition-products, or 
to obtain an organic compound from its ck*ments. 

Bcifon; this period isolated instanc(is of the formation of organic 
compounds solely from inorganic material had byen obseiwed, the first 
synthesis of the type having Ix'cn that of potassiuhi cyanide from potas- 
sium carbonate, wood-charcoal, and ammonium chloritle by Scheele ifl 
the your 1783. After a long interval of time, this tliscovery was fol- 
lowed by the synthesis by "VYohler of oxalic acid in the year 1824 and 
of un)a (266) in th(^ yc'ar 1828, and later by that of acetic acid by Kolbe 
in the year 1845. These discoveries bore no fruit, Ixnng regarded as iso- 
lated instances unconnected with the main sysb'in of organic chemistiy. 

The great question of the synthesis of organic compounds from 
inorganic material W’lis first bickled systematically by Bekthelot with 
the objective of eliminating the idea of a “ Vital force” from ali explana- 
tions t)f organic cheinie,al reaction. In his renowned work published in 
the year 1860, “La chimie organique fondde sur la synthese,” he described 
a number of examples demonstrating the identity of the forces involved 
in the formation of both organic and inorganic compounds, and thereby 
engendered disbelief in the necessity for this purpose of any unique force. 
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‘ The natural distinction between organic and inorganic chemistry 
having vanished, it was replaced by an artificial conc<‘ption based on 
the known prcs(*ncc of carbon in all organic compounds, tlu; name 
“Organic Chemistry’’ bc'ing allocatetl to the Chemintrij of the Carbon 
Compounds. 

The numerous discoveries made in the scienc(‘, <'sp«‘<!iall>' in Germany 
by Likbig, by Wcuilek, and by their pupils, and in France by Dumas, 
by Lauuknt, and by GEJtUAUivr, imparted gradually to oiganic chem- 
istiy a wholly nov('l aspect, anti eliminatetl the old division into groups 
of substances either with the same origin, as in vegetable ebemistr\' or 
in animal chemistry, or with single propt'Hies in common, as (‘Xt'in- 
plified by the vegetable acids, by the vegtdablt* bast's, ami by nt'utral 
vegetable botlit's. It was replacetl by a nn)re rational classificatit)n 
basetl on the mutual relationships fount! tt) exist between organit; 
compoimds, the form accepted at pi’csent bt'ing the product of gratlual 
evolution. 


2. Since them is no longer a clear lino of demarcaiitm belwet*n 
organic and inorganic chemistry, numerous syntheses having dissipated 
all doubt as to the theoretical possibility of building up frt>m their 
elements even such com[)lex carbtm ct)nipouinls as tht' prott'ins, the 
reasons for still treating tin* chemistry t)f the carbon comp«)unds as a 
special part of the science demand an explanation. The basis for the 
convention is two-fold. 

First, the enormous numlK'r of carbon compounds known, amouiu.- 
ing to about two hundred and fifty thousand, that of the compounds of 
all the other elements being onlj* about twenty-fiv(' thousand. Secojid, 
the unique nature of certain properties of the carbon com|)ounds, <'ither 
not found yi the compounds of other elements, or at most in a much less 
marked degree. An example is the stability and n-sistance to chemical 
change displayed by many inorganic compoumls at high temiieratures, 
wh(?r('as almost all carbon compounds tk^compose at red lu'at. As a 
result, substances containing carbon are norntally much less stable than 
inorganic products towards chemical and physical reagents, and the 
methods employed in the investigation of carbon comi)ounds differ 
fi-orn those applicable to inorganic compounds. 

Another peculiarity is the prestjnee in nimairous organic com- 
pounds of the same ek'ments in the same i)rop<)rtions, although the 
substances display marked divergence in pro|)erties, ex<'mplified by the 
existence of one hundred and thirty-five compounds of the formula 
f -ioOIIiaO^N. This phenomenon is termed immerism, and is almost 
unknown in inorganic chemistry, a fact necessitating con,sideration of 
its underlying caus(i. 
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All thes(' reasons make it desirable to classify the carbon com- 
pounds as a sptjcial part of chemistiy. 

QUALITATIVE AND QUANTITATIVE ANALYSIS. 

' 3. Lavoisier was the first to demonstrate the presence in most of 
the compounds of carbon of only a very small number of elements, the 
chief being carboti, hydrogen, oxygen, and nitrogen. Halogen derivatives 
are less nuni(*rous, and substances containing sulphur or phosphorus are 
still more rare. Carbon compounds having other elements also exist, 
but they an* exceedingly few in comparison with those containing only 
the elemiuits named. Some elements are not present in carbon com- 
pounds. 

As a pri'liininary to determining the nature of a compound, the 
elements contairuHl in it must be identified by qualitaiive analysis. For 
the carbon compounds this process involves oxidation, and is very simple 
in theory. 

On solution of an organic compound, its constituent elements are 
usually not pri'sent in the liquitl as ions. Oxidation either converts them 
at once into ions, or forms oxygen compounds with ionized groups such 
as ('():/^ SO1", and so on. They can then be identified by the ordinary 
inorganic reactions (“Laboratory Atanual,” I, i 5). 

Carbon is eonvi'rted thus into carbon dioxide, dctectible by the 
lime-water test; sulphur is oxi<lize.d to sulplmiic acid and phosphorus 
to jihosphoric acid; hydrogen is oxitfizetl to water; and nitrogen is 
evolved in the fret* state. 

If an organic compound contain a halogen, it oxidized in presence 
of silver nitrate, the corresponding silver hali<l«^ being formed. Any^ 
other elements pn?sent an^ convert-ed by oxidation into compounds 
easily identifiiHl. 

For analytical purpo.ses, oxidation is effected by different methods, 
th(^ choice bi'ing deti'rmined by the nature of the element suspectiHl to 
b(‘ prt'sent. In testing for carlion, hydrogen, and niti’ogen eofipi'r 
oxide finds general application. The substance is mixed with it, and 
the mixture is heated in a glass ignition-tube, tlui earbon and hydrogen 
being oxidized by the action of the oxygen of the copper oxide. 
Nitrogen is evolved in the free state, and can be recognized by the 
process involved in its quantitative estimation (7). With the halogens, 
sulphur, phosphorus, and other elements the best procedure is to 
oxidize the substance uniler examination with concentrated nitric acid. 

T'hc method of oxidation is of general applicability in qualitative 
analysis. It can lie employed always, and yields positive results, 
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The desired end can ho nttained fi-equontly with greater rapidity and 
facility by otJicr methods; but as most of them arc not of universal 
application, failuie in detecting an element by one of them affords no 
certain indication of its abstmee. In doubtful instances the problem 
must be solved by the oxidation-process. 

An examide of the use of such limited methods is afforded by the 
possibility of detecting the pi-esencc of carbon in many compounds by 
submitting the substance to dry <listillation. (,^haning often ensues, 
Dr there is (n’olution of vapours recognizable as carbon compounds by 
their smell, or b.y <ither properties such as burning with a smoky flarru; 
Dn ignition. 

4. The nitrogen in many organic compounds can be converted into 
xmmonia by heating them with st)da-lime, or with concentrated 
sulphuric acid. Am)thcr method extensively employed in testing for 
this clement was suggested by Lassaigne. It consists in heating the 
siibstance und(;r examination with a small piece of sodium (or potas- 
sium) in a narrow ignition-tube. Should the compound ctontain 
nitrogen, sodium (or potassium) cyanide is formed, its presence Ix'ing 
recognized readily by converting it into Pi'ussian blue (“liUboratory 
Manual,” I, 3, a). 

y 5. The presence of halogens can be proved by heating the substance 
with (luicklime, the corresponding calcium halide being formed. A 
very delicate method of detecting them is to introduce a small cpiantity 
oi the compound on a \)iece of copper oxide itito a non-luminous flame. 
The correspomling copper halulc*is formed and volatilizes, imparting a 
magnificent green colour to th<; flame. These two mctlKwls are always 
applicable. • 

/ Sulphua can bo det('Cted often by heating the compound with a 
small piece of so<lium in a narrow ignition-tulw'. Sodium sulphide is 
produced, and can be identified by placing a portion of the reaction- 
mixture on a clean silver coin and adding water, a blacik stain of silver 
sulphide being formed. An alternative procedure is to extract the 
reaction-mixture with water and add sodium nitroprusside, the solution 
act] Hiring an intense I'iolet colour. 

No qualitative reaction for detecting oxygen in an organic com- 
pound is known. The operation can be effected by a quantitative 
analysis only. 

^ 6. The qualitative examination must be followed by a determination 

of the quantity of each element present in the compound, a process 
known as quantitative analysis. The methods of (jualitativo analysis in 
inorganic chemistry often an; very different from those employed in 
quantitative d{>terminations, but in organic choinistry the operations 
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of qualitative and quantitative analysis are alike in principle, oxidation 
being employed in both. 

Carbon and hydrogen invariably are estimated simultaneously. 
The principle of the method of organic analysis chiefly empIoy<*fl is 
due to Liebig the operation involving the following 

procedure. In the combustion-furnace, k (Fig. 1), is placed a hard- 
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glass tube ah open at both ends. A complete drawing of this tube is 
shown over the furnace in the illustration. It contains granulatt'd 
copper oxide ff, and a roll of copper-gauze c oxidized by heating to 
redness in air or in a stream of oxygen. About one-third of the length 
of the tube is reserved for the introduction of a platinum or porcelain 
boat d containing a weighed quantity of the substance to be analysed. 
The ins(;rtion of the boat necessitates tlie temporary removal of the 
copper-gauze roll. I’lie end of the tube next the boat is connected 
with an apparatus ghj to absorb wiater-vapour and carbon dioxide 
from the air or oxygen, g containing concentrated potassium hydroxide, 
h sotla-lime, and j calcium chloride. To the end of the tube furthest 
from the l)oat is attached a weighed calcium-chloride tute I, for the 
purpose of collecting the water produced 
by the combustion of the substance. The 
weighed potash-bulbs m (shown enlarged 
in Fig. 2) are connected to this calcium- 
chloride tube, and in them the carbon 
dioxide formed is absorbed by concen- 
trated potassium hydroxide. The gases 
enter the absorbers by the tube h on the 
right, pass through the three bulbs con- 
taining potassium hydroxide, and escape through the soda-lime tube o. 
After all the joints of the apparatus are known to be gas-tight, the 
buiuers are lighted, except beneath the boat. Wlien the tube is hot, 
the substance is burned by heating this part of the tube carefully, at 
first a slow stivam of air, and lak'r a slow stream of oxygen, being led 
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into the tube through the apparatus ghj. The oxygen facilitates the 
combustion of the deposited particles of carbon, and the red-hot copper 
oxide serves to oxidize the gaseous decomposition-products completely 
to carbon dioxide and water. The increase in weight of the calcium- 
chloride tube I gives the quantity of water formed, and that of the 
potash-bulbs m gives the quantity of carbon dioxide produced. From 
these data the amount of hydrogen and carbon in the compound can be 
calculated. 

If the compound contain nitrogen or halogens, a freshly-reduced 
roll of copper-gauze is placed at the end of the tube nearest to the 
absorption-apparatus I and m. The hot copper decomposes any 
nitrogen oxides formed, and prevents their absorption in the potash- 
bulbs; it also retains the halogens as copper halides. 

Methods of elementary microanalysis retiuiring only a few milligrammes 

of substance have been devised, mainly by PREGii. 

/ 7- Nitrogen is estimated usually by Dumas’s method. An appara- 
tus similar to that employed in the estimation of carbon and hydrogen 
(Fig. 1) is use<l. The drying apparatus ghj is replaced by a carbon- 
dioxide KREusstiKn or Kipp generator, to effect complete expulsion of 
the air from the tube prior to the combustion. For the absorption- 
apparatus Zm is substituted a delivery-tube opening under mercury. 
The air having been (‘xpelled from tfa(; apparatus, the front part of 
the tube containing the copjier-gawze and the granulated copper oxide 
is heated. The combustion is then lx)gun, and the evolved gases are 
collected in a graduated tubo op«»n at the bottom (measuring tulxi), 
with its opeji end dipping into the rnercury-bath. This tulw is filled 
partly with mercury, anti partly with concentrated potassium-hydroxide 
solution to absorb the carbon dioxide. The reduced copper-gauze 
dccompo.ses any nitrogen oxides fomit^d. The combustion being over, 
all the nitrogen remaining in the combustion-tube is swept into the 
graduated tube by a stream of carbon dioxide from the Kreussler or 
Kipp generator. The measuring tube containing the mercury, potas- 
sium-hydroxide solution, and gas is introduced into a widi; cylinder 
filled with water. The mercury and potassium-hydroxide solution 
are displaced by the water, and after the level of the liquid inside the 
tube has been made to coincide with that outside, the number of cubic 
centimetres of nitrogen is noted. From the reading the amount of 
nitrogen in the compound is calculated. 

Nitrogen often can be estimated by a method discovered by Kjel- 
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DAiiL and improvcid ])y Wilfartii. It depends on the possibility of 
converting completely into ammonia the nitrogen of many organic 
substances by heating such compounds for a time with concentrated 
sulphuric acid in presence of phosphoric oxide and a drop of mercury, 
the mtital going into solution. Owing to charring, the mixture usually 
blackens at first, but after heating for one or two hours it becomes 
quite colourless. At this stage, the carbon has undergone complete 
oxidation by the oxygen of the sulphuric acid, a reaction attended by 
reduction to sulphurous acid. The process is facilitated by the mercury 
salt, it probably playing the part of an “ Oxygen-carrier ” between the 
sulphuric acid and the organic substance, and being converted con- 
tinually from the mercuric to the mercurous state, and then by the 
boiling acid back into the mercuric state. When the liquid has become 
colourless, it is allowed to cool and is diluted with water; excess of 
alkali is added, and the ammonia is exijellcd by heat into a measured 
quantity of acid of known strength. Titration gives the quantity of 
ammonia, and hence the amount of nitrogen. This neat and simple 
method usually is not applicable to compounds containing oxygen in 
union with nitrogen. With such compounds the conversion of nitrogen 
into ammonia is only part-ial. 

8. The halogens («in Ikj estimated <‘ithor by the method of Liebig 
or by that of Carii's. In Liebig’s process the substance is heated 
with quicklime, and in that of Carii’s with a small quantity of con- 
c(‘ntratcd nitric acid and a crystal of silver nitrate in a sealed glass 
tube at a high temperature. C^ARiusi’s process is operated without risk 
in the tube-furnace (Fig. 3), the glass tulxis being placed in wrought- 
iron cylinders with thick walls. , 

(jARiirs’s method can lx? applied also to th(? estimation of sulphur, 
phosphorus, and other ek'monts. Non-volatile substances containihg 
sulphur or phosphorus can b<.^ oxulizod also by fusion with nitre. 

For the (luantitativc estimation of nitrogen and the halogens Ter 
MKriiEN lias recently devised new methods based on a wholly different 
principle, and giving accurate results quickly. For nitrogen the substance 
is mi.ved with finely divided nickel-powder, and heated in a current of 
hydrogen. 'Phe mixture of the evolved gases with hydrog(»n is passed 
over asbestos coated with nickel-powder. By this means the nitrogen is 
converted quantitatively into aumionia, the amount of this product being 
determined by titration. 

The method of Teu Meulen and IIeslinoa for the estimation of halo- 
gens involves heating the sulistaiice in a mi,xture of hydrogen and gaseous 
ammonia. There is a quantitative formation of ammonium halide, and 
the amount of halogen can be ascertained by titration. 
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9. The results of a quantitative analysis are expressed in percentage- 
numbers. If the total of those percentage-numbers be very nearly 100, 



Fig. 3. — Tubk-Flknace. 


no other element is present in the compound; but if appreciably less 
than 100, there is present anothfir element outside the scope of the 
analysis, there being ‘no convenient method for its estimation. This 
rtement K^'oxygen, The percentage-amount of oxygen must bo deter- 
mined by subtracting the total of the percentages of the other elements 
from 100. This method has the disadvantage of including all experi- 
mental errors in the percentage-number of the oxygen. 

Owing to the loss of a small pro|K)rtion of carbon dioxide through the 
various connexions of the apparatus, carbon-estimations are normally too 
low. Hydrogen-estimations are generally too high, because copper oxide 
is hygroscopic, and cannot be freed readily from traces of moisture. To 
some extent these errors balance, the inaccuracy of the oxygen-percentage 
l)eing diminished proix>rtionately. 

The method of calculating from the results of analysis the per- 
centage-composition and formula of a substance is explained most 
readily by means of an oxiunple. 
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The analysis of a substance containing nitrogen sdelded tiie following 
numbers: 

0*2169 g. substance gave 0*5170 g. of carbon dioxide and 0*0685 g. of 
water. 

0*2218 g. substance gave 17*4 c.c. of nitrogen, measured over water at 
6° C. and 762 mm. barometric pressure. 

Since there arc 12 parts by weight of carbon in 44 parts by weight 
of carbon dioxide, and 2 parts by weight of hydrogen in 18 parts by weight 
of water, the weight of the carbon dioxide formed must be multi- 
plied by If = A" to find the weight of carbon, and that of the water pro- 
duced by to obtain the weight of hydrogen. This calculation 

gives 65*0 per cent, of carbon and 3*51 per cent, of hydrogen in the com- 
pound. 

The weight of the nitrogen is calculated as follows. Since the gas is 
saturated with water-vapour, to obtain the true pressure of the nitrogen 
the tension of this vapour expressed in millim6tres of mercury must be sub- 
tractiKl from the barometric pressure. At 6® C. the tension of aqueous 
vapour is 7*0 mm. The actual pressure of the nitrogen is therefore 
762 — 7 = 755 mm. Since 1 c.c. of nitrogen at 0“ and 760 mm . weighs 1 * 2562 
mg., at 755 mm. and 6° C. the w'cight in milligrammes of this volume is 


1*2562 

1+6 X0*00367 


x|^=l*2211. 

760 


Since the 17*4 c.c. of nitrogen obtained weigh 

1*2211X17*4 = 21*247 mg., 

• 

the percentage of nitrogen is 9*6. 

The sum of these percentage-numljers being 78*1, the percentage of 
ojygen in the substance analysed is 21*9. The percentage-composition 
given by the analysis is therefore 

C=65*0 
H= 3*5 
N= 9*6 
0=21*9. 

Division of these values by the numbers representing the atomic weights 
of the corresponding elements gives 

C H N O 

5*4 3*5 0*7 1*4. 
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These numbers divided by 0*7 give the quotients 

C H N O 

7-7 5-0 1-0 2 - 0 . 

These quotients approximate very cJosely to those required by the formula 
CgHeOjN. The percentage-compositions coiTcsi)onding with this formula 
are 

C=65-3, H=3-4, N=9-5, 

in good accord with the analysis. 


DETERMINATION OF MOLECULAR WEIGHT. 

lo. Analysis gives only the empirical formula of a compound, and 
not its molecular fonnula, CaHbOc having the same percentage-compo- 
sition as ((.aHbOc)u. The empirical formula having betm ascerhiined 
by analysis, the molecular weight has still to be determined. 

Its value cannot bo decide<l by chemical means, although it is 
possible thus to assign a minimum to the molecular weight. An example 
is furnished by tlu? empirical fornuda of Ix'nzene, C-H. Benzent* yields 
readily a compound C'(;H 5 Br, reducible again to benzeiu*. It follows 
that the molecule of l)enzene must be represented by CoHc, at least. 
The molecular formula could als«t Ik* or, in general, (C(JIfi)ti; 

the bromine compound would then have the general fonntila ((vcH6Br)n. 
Assuming the formulg, to l>e that of the bromine compound 

w'ould be Ci 2 Hi()Br 2 . ‘Obviou.sly the formation of a compound of this 
fhrmula would involv<; direct mplawment of two hydrogen atoms by 
bromine, and the next s<<*p would be to experiment with the object 
of obtaining a substance of the formula (>i 2 HiiBr. Should the experi- 
ments fail, the probability of the. accuracy of the simpler formula 
CeHsBr would be incmased. The indications thus afforded would not 
lie decisive, because the expi'rimental conditions necessary to the 
formation of the compound Ci 2 HuBr might not have Ix'en attained. 
The chemical rntsthod proves the molecular formula of l)enzene not be 
smaller than CoH(i, but does not exclude the possibility of a multiple 
of this formula. 

To ascertain the true molecular weight, physical methods must be 
employed. They involve the determination either of the density of the 
compound in the gaseous state, or of certain values dependent on the 
osmotic pressure of the substance in dilute solution. The theory of 
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these methods being explained fully in “ Inoi^anic Chemistry,” 31-35 
and 40-45, it will suffice to describe the practical details of a molecular- 
weight determination. 

In calculating the vapour-density (the density of the substance in the 
gaseous state), four quantities must be known; the weight of substance 
converted into the gaseous state, the volume of the resulting vapour, 
the temperature of mc."surcmont, and the barometric pressure. 

\’ii. Vapour-density is dctennined usually 
by a method suggested by Victor Mever. 

The apparatus (Fig. 4) consists of a glass tube 
B with an internal diameter of about 4 mm. 

This tulx) is closed at the top with a stopper, 
and underneath has a wider cylindrical portion 
of about 200 c.c. capacity, closed at the lower 
end. Near the top of the tulje is scaled on a 
delivery-tube A for passage of the gas prior to 
collection over wati'r in the graduated tube E. 

The apparatus is surrounded partly by a wide 
glass or metal jacket C containing a liquid 
boiling higher than the substance under inves- 
tigation. This lujuid is heati'd to boiling, 

.some of the air in B undergoing expulsion. 

After the lapse of a short period of time no 
more air escapes from the delivery-tube, that 
in the wider part of the tube having a (jonstant 
temperature almost equal to that of the vapour 
of the boiling liquid. T'he graduated tube is 
filled with water and placed over the open end ' 
of the delivery-tulx! A. After the stopper has ■ 
been withdrawn, a weighed quantity of the 
substance under examination enclosed in a 
small glass tul)C is dropped into the apparatus, 
and the stopper replaced, care being taken to 
make it air-tight. The substance vaporizes 
quickly in the heated wide portion of the tube, Fio. 4.- -Victor Meter’s 
its vapour expelling air from the apparatus. Vapouk-dbnsitt Appa- 

The air is collected in the graduated tube, its 

volume being equal to that of the vapour. Although the air in the hot 
part of the apparatus has the local temperature, that in the graduated 
tube acquires the temperature of this tube, a factor in the calculation. 
The volume noted is equal to that which the weighed portion of the 
substance in the form of vapour would occupy, if it were possible to 
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convert it into a gas at the ordinary temperature and under the baro- 
metric pressure. 

For eas<} of manipulation this method leaves nothing to be desired. 
It possesses an additional great advantage over the other methods, a 
knowledge of the temperature of the apparatus being unnecessary for 
the calculation. It is only requisite for the temperature to remain 
constant during the short time occupied by the experiment. 

An example will make the method of calculation clear. Suppose? 
g mg. of the substance to have lx?en taken, and to have yielded V c.c. 
of air measured over water with the level the same inside and outside 
the tube; suppose further the barometric pressun? to be //, the tem- 
peratun? t, and the tension of aqueous vapour 6 ; then, at a prt^ssun? 
of H—h mm. and at g mg. of the substance would occupy a volume 
of V c.c., and under these? conditions the unit of volume (1 c.c.) would 

contains — mg. of the substance. 

One cubic centimetre of oxygen sat H — h mm. of pressure and at t° 
weighs in milligrammes 

1-429 

l+0.00367<^ 760 ’ 


giving for the vapour-density D refern^d to oxygen = 16 the expression 


D=m^x 


l-f0-00367f 760 

1-429 


The molecular weight M being twice the density, 
• iM = 2D. 


12 . Two other methods are employed often in ascertaining the 
molecular weights of organic compounds. They are based on the laws 
of osmotic pressure, and involve the determination of the depression 
of the freezing-point or the elevation of the boiling-point of a dilute 
solution of the substance, referred to either the freezing-point or the 
boiling-point of the pure solvent (“Inorganic Chemistry,” 40 - 45 ). 

In the depression method it is necessary to determine first the 
freezing-point of the solvent; for example, that of phenol. Then one 
gramme-molecule of a substance of known molecular weight is dissolved 
in a known weight of the solvent. The volume of the solvent can be 
calculated from its weight. 

The solute lowers the freezing-point by an amount always the same 
for the same solvent, and independent of the nature of the substance 
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provided the volume of solution containing one gramme-molecule is the 
same. The depression of the freezing-point caused by a gramme- 
molecule is accordingly a constant for this solvent. If a solution of 
one per cent, strength of a substance of unknown molecular weight M 
be made in phenol, and the resultant depression (A) of the freezing- 
point determined, then 

AM = (!]onstant; 

because between certg'n limits the depression of the freezing-point ‘is 
proportional to the concentration. 

Obviously this formula is equally applicable to the elevation of the 
lx)iling-point. M is the only unknown quantity, and can be calculated 
from the equation. 

The product AM is termed the molecular depression of the freezing- 
‘pcint or the molecular elevaiion of the boiling-point of the solvent. 


Examples. — Nuiii(;rous determinations with phenol as solvent having 
proved the molecular depression of its freezing-point to be equal to 75, 
for this solvent 

AM = 75. 


A solution of 2-75 per cent, concentration was prepared by dissolving 
0-3943 g. of a substance of empirical fonnula C 7 H 7 ON 2 in 14-34 g. of 
phenol. The depression of tins frcHJzing-iioint of this solution was 0-712°. 
For a solution of one per cent, strength the depression would have been 


2-75 


therefore A =0-258. 


The molecular weight is accordingly 


75 

6-25S 


= 291. 


(' 71170 X 2 corresponds with the molecular weigjit 135, and Ci 4 Hi 402 N 4 
w ith 270, the higher number approximating more tlo-sely to the molecular 

weight found. The molecular foriiiula of the' 
comjiound is obtained by doubling the empirical 
formula. 

The laws of osmotic pressure hold only 
for very dilute solutions. This qualification 
applies also to the e(|uation Ail/ = Const., 
since it is derived from these laws. 

It is not strictly correct to determine A 
by means of a solution of finite concentra- 
tion, as is done in the example given. To 
determine M accurately, the value of A 
should be derived from a solution of infinite 
dilution,' but as this process is not possible, Eykman has devised a 
graphic method of finding A for such a solution. A is determined for 



Fia. 5. 


-Eykman’s 

Method. 


Graphic 
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th’ve or four concentrations, and the values obtained are represented 
graphically .os in Fig. 5, the values of A being the ordinates, and those 
of the percentage-strengths of the solutions being the abscissse. Fre- 
quently lOvKMAN found the line drawn through the toj)s of the ordinates 
to be almost straight. If it 1 x 5 produced until it cuts the ordinate OA, 
OPo gives the value of A for infinite dilution. 

13 . The constants for the molecular depression of the freezing-point 
of a number of solvents art5 given in the table. 


Solvent. 

Melting- 

point. 

Molecular Depression. 

Observed. 

Calculated. 

Water 

0 ° 

19 

18-9 

Aeetic add 

16-5° 

39 

38-8 

Benzene 

6“ 

63 

63 

Nitrobenzene 

5^^ 

70 

69-5 

Phenol 

39-6° 

75 

77 

Naphthalene 

80° 

69 

69-4 

Urethane 

48-7° 

.51-4 

— 

Stearic acid 

63° 

45 

. — 

7 >-Tohiidine 

42-5° 

52-4 

— 

Camphor 

174° 

400 



The last five solvents arc very useful, and not being hygroscopic 
are better than the glacial acetic acid still often employed. The fact 
of their melting above the ordinary temperature so as to eliminate the 
necessity for a cooling agent, and the high value of their constants, arc 
additional advantages. 

Camphor is sj)ocially distinguished in these respects, and does not 
require the use df a therinonH'ter graduated in tenths of a degree. Its 
molecular depression is so great as to render an ordinary thermometer 
applicable. 


The following table indicates the molecular elevations of the boiling- 
point usually to 1 x 5 smaller than the molecular depressions of the 
freezing-point. 


Solvent. 

Boiling- 

point. 

Molecular Elevation. 


Observed. 

Calculated. 

" ' ! 

Water I 

100° 

5-1 

5-2 

ether 

35-6° 

22-1 

21-1 

Ethyl alcohol 

78-0° 

11-3 

11-5 

Benzene 

80-4° 

26-0 

26-7 

Chloroform 

61-0° 

35-6 

36*6 

Acetone 

66-3° 

17-3 

16-7 
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The numbers in the last column of the tables are calculated from 
VAN ’t Hoff’s formula 


K= 


0.02X7’2 
W ’ 


K being the molecular depression or elevation, T the freezing-point or 
boiling-point on the absolute scale, and W the latent heat of fusion or 
of evaporation per kilogramme of the solvent. 





SO 


Fici. (>. — Evkman’s Fig. 7. — Evkman's 

Depkessimeter. Boiling-point Apparatus. 


14. Eykman has constructed convenient apparatuses for the deter- 
mination of the depression of the freezing-point and the elevation of 
the boiling-point. The depressimeter (Fig. 6) comprises a short 
thermometer divided into twentieths of a degree with a small flask 
attached as shown in the figure, this combination being contained in a 
glass cylinder held at the top by a stopper, and supported underneath 
by cotton-wool. Being a poor conductor of heat, the cotton-wool 
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retards cooling. A weighed quantity of the solvent is placed in the 
flask, and its freezing-point is determined. Then a known weight of the 
substance is introduced, and the freezing-point is observed again. From 
the depression of the freezing-point thus obtained A can be calculated 
as in the example given ( 12 ). 

IS. Eykman’s appaiatus (Fig. 7) for determining the elevation of 
the boiling-point comprises a thermometer, and two glass vessels A 
and B. The tube A is about 40 cm. long and 4 cm. wide, and serves 
both as a heating jacket for the pure solvent, and as an air-condenser. 
jB is only a few millimetres narrower than A, and to it is fused the 
boiling-tube C with a narrow side-tube T>. C is suspended by the neck 
from the clamp A by a platinum wire P, and can be raised or lowered 
at will. The thcnnomcter-scale is divide<l into tenths of a degree, the 
graduations being about one milh'mctre apai*t, so that with the aid of 
a lens it is possible to read to one-hundredth of a degree. Besides 
giving the boiling-point, the graduated scale of the thermometer also 
serves to indicate the volume of solution contained in C. For this 
purpose the vessel C with the thermometer placed in it must be 
calibrated by a gravimetric or volumetric nwthod. 

When using the apparatus the solvent is introduced into C until the 
level of the liquid has risen to that of the first graduation on the 
thermometer-scale, between 5 and 10 c.c. being needed. About 40 or 
60 c.c. of the solvent are poured into the jacket A, and the apparatus 
is heated with a micro-burner, using a lai'ge flame at first. When 
ebullition has begun, the size o# the flame is reduced so as to cause 
complete condensation of th(5 vapour in the tube A at a height shown 
in the figure by the letters A or E. 

^ When the liquid lias boiled at a constant temperature for a short 
time, the height of the mercury is noted, and the clamp is raised so 
as to bring the level of the open end of the boiling-tube C to a position 
some centimHres above the top of the jacket A. A weired quantity, 
about 1 or 2 milligranune-molecules, of the substance under investi- 
gation is then introduced into C from a tared weighing-tube, and C is 
lowered gently to its former position in the jacket. While the weighing- 
tube is being weighed to ascertain' the quantity of substance added, the 
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weighing-tube, and repeating the series of operations just described. 
Since very little more time is needed for each operation than is required 
to tare the weighing-tube and its contents, a series of determinations 
at different concentrations can be made quickly, and the results plotted 
on squared paper. From the curve thus obtained the value of A for 
infinite dilution can be calculated readily (X2). 


THE ELEMENT CARBON. 

i6. Carbon has three allotropic forms, diamond, graphite, and 
amorphous carbon. For a description of them and of the compounds 
of cai‘l>on with metalloids and with metals, as well as of the deter- 
mination of its atomic weight and molecular weight, reference should be 
made to “Inorganic Chemistry,” 173-177. The evidence in favour of 
assuming the molecule of carbon to contain a great number of atoms is 
set forth there. 

Confirmation of this view is afforded by a consideration of the 
relationship between the boiling-points of the compounds of car- 
bon and of hydrogen. If these derivatives be assigned the gcnei-al 
formula CnHan .p, then, even when both n and p arc large numbers, 
the boiling-points of these substances arc relatively low, and rise with 
the increase of both n and p. For carbon itself 2n = p, and on account 
of the extraordinary non-volatility of this substance the value of n 
must be very great. * 

The subject of valency is explained in “Inorganic Chemistry,” 76. 
With univalent elements carbon forms compounds of the type CX4. 
It is therefore quadrivalent, and on this foundation the whole superstructure 
0/ organic chemistry rests. 


LABORATORY METHODS. 

17* To prevent repetition, it is desirable before proceeding with a 
description of the organic compounds to give a short account of the 
more important operations employed in their preparation and inves- 
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If this temperature be considerably below the boiling-point of the most 
volatile compound, the substances are mixed together in a flask fitted 
with a thermometer, as in Fig, 8. The 


flask is immersed in an air-bath formed 
of a vertical iron cylinder closed at the 
lower end, a piece of stove-pipe being 
very suitable. The upper end is 
closed with a sheet of asbestos mill- 
board, with an opening for the neck of 
the flask. Should the boiling-point 
of one of the substances be reached or 
overstepped, the flask must be con- 
nected with a conden.ser, as in Fig. 9. 
The invention of this form of con- 
densing apparatus is attributed usually 
to Liebig, although it was constructed 
first in 1771 by Weigel. It con- 
sists of a glass tube oa, enclosed in 



Fio. 8. — Heating 
Substances in an 
Open Flask. 



Fio. 9.— -Flask 

WITH RePLUX- 
CONDENSBB. 


a jacket b of glass or metal with a current of cold water circulating. 
For subs^ces of high boiling-point a plain vertical glass tube can 
be substituted; it is termed an “air-condenser,” being sufficiently 
cooled by the air alone. The effect of the condenser is to condense 
the vapour of the boiling material, and to direct the liquid back into 
the flask. When a substance has to be heated above its boiling-point 
it is placed in a thick-walled glass tube sealed at one end, and after the 
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open end has been sealed the tube is heated in a tube-furnaco 
(9, Fig. 3). 

i8. Distillation. — The apparatus shown in Fig. 10 may be 



FlO. 10. DlSTILLATION-APPAKATtrs. 


employed for distillation, but if the liquid to be distilled be of such a 
nature as t.o induce contamination through_thc action of its vapour on 
•the cork or rubber stopper shown in 
the figure, a distilling-flask (Fig. 11) 
is substituted. If the neck of this 
flask be of suflicient length, contact of 
the vapour with the stopper during 
distillation is prevented. • 

On heating to their boiling-points 
at the ordinary pressure many sub- 
stances decompose, but under dimin- 
ished pressure distil unchanged, be- 
cause the boiling-point is tiien much 
lower. The apparatus shown in 
Kg. 12 can be utilized for vacuum- 
distillation. 

The liquid for distillation is placed 
in d. A glans tube e, dmwn out Fiu. 11,-FEAonoNATmG-eL.ei. 

to a very fine point, dips into the liquid, and a thermometer is placed 
in this tube. When the apparatus has lieen evacuated by the water- 
pump w, a stream of minute bubbles of air escaping from the fine 
point of the tube e serves to prevent the violent “bumping” otherwise 
characteristic of liquids boiling under diminished pressure. This 
bumping is due to the sudden and intermittent formation of vapour, 
and sometimes causes boiling over or the fracture of the flask. The 
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receiver b is kept cool by a stream of water from c. The part m is a 
mercury rnanomctoi” a is a two-way stop-cock permitting access of 
air to the apparatus after the distillation, and also serving to dis- 
connect the water-pump from the rest of the system should the pump 
“strike back.” By this means rise of water into the manometer and 
the flasks through the tulie s can be obviated. 

19 . The separation of a mixture of volatile substances is effected 
by fractional distillation. If a mixture of two liquids, boiling for 
example at 100° and at 130°, be distilled, a greater proportion of that 
boiling at 100 ° distils over at the beginning of the operation, and a 
greater proportion of that boiling at 130° at the end. If the distillate 



passing over below 110 ° be collected separately in one fraction, and 
similarly that between 120° and 130°, a rough separation is attained, 
whilst the middle fraction still consists of a mixture. To make the 
separation as complete as possible, the fraction between 100 ° and 110 ° 
is returned to the fractionation-flask and distilled until the thermometer 
reaches 110 °, the fraction between 110 ° and 120 ° Ijeing then mixed 
with the residue in the fractionation-flask, and the distillation continued 
until the thermometer stands again at 110 °. The receiver is changed, 
and the distillation is renewed until the thennometer reaches 120 °. The 
fraction between 120° and 130° is then added to the liquid in the 
dist-illation-flask, and the distillate is collected in the same receiver until 
the thermometer indicates again 120 °. The portion distilling subse- 
quently is collected separately. By several repetitions of this process 
it is possible often to effect an almost complete separation, it being 
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usually advantageous to collect the fractions between narrower limits 
of temperature, and thus to increase their number. 

20 . The separation is much facilitated by employing a fractionating- 
column (Fig. 13) connected to the neck of the boiling-flask, a large 
proportion of the vapour of the least volatile constituents of the mixture 
becoming condensed in the column. The stream of vapour from the 



Youno. Hrmpki^. Wurtz. Ltnneman. 

Fig. 13. — Fractionating-colum.ns. 


distillation-flask heats the liquid thus formed in the fraclionating- 
column, the effect being to vaporize its more volatile part, and simul- 
taneously to condense the higher-boiling constituent of the vapour 
issuing from the flask. 

a I. A change in the composition of most liquid mixtures does not 
occasion a proportional alteration in their properties, like that expressed 
by the straight line AB in the annexed graphic representation (Fig. 14). 
The abscissae correspond with the molecular percentage-composition of 
the mixtures. The points A and B on the ordinates give the values of 
such physical constants as vapour-tension, boiling-point, density, and so 
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on, for the pure substances A and B, and the line AB the values of these 
constants for mixtures. The curve thus obtained usually varies some- 
what from a straight line. 

The boiling-points of mixtures will be lower (line c) or higher (line 6) 
than those calculated by the proportion-rule. Sometimes these boiling- 
point curves will depart so much from the straight line as to show such 
maxima and minima as the curves a and d. Complete separation of such 





mixtures by fractional distillation at constant pressure is impossible, but 
is feasible when the boiling-point curves follow the course indicated by h 
or c. The most volatile, or lowest boiling, constituent of a mixture always 
distils first, so that the vapour is richer in A and the residual liquid in B. 
If the pure constituents A and B be more, or less, volatile than any mixture 
of the two, as represented by the boiling-point curves h and c, continued 
fractional distillation must lead to an approximately complete separation 
of A and B. But if the boiling-point curve have a maximum or minimum, 
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the mixtures corresponding with it will consist of the most, or least, volatile 
constituents. On distillation, a fraction with this highest, or lowest, 
boiling-point will be obtained alwa}^, and at constant pressure further 
separation will be impossible. 

Comprehension of this phenomenon will be facilitated by considering a 
boiling-point curve b without a maximum or minimum (Fig. 15). Since 
the most volatile portion of any mixture always volatilizes first, the vapour 
evolved from a boiling liquid alwa 3 rs contains a greater proportion of A 
than the liquid itsel.'. When the composition of the mixture is 6, that of 
the liquid will be h'. The vapour-tension curve Ab'B throughout the com- 
plete trajectory AB lies higher than the boiling-point curve. 

If the boiling-point curve have a maximum b (I'ig. 10), along the 
trajectory Ab the vapour will be richer in A than the parent liquid; along 
the trajectory bB the vapour will contain a greater proportion of B than 
the parent liquid, B being now the most volatile, or lowest boiling, constit- 
uent. Consequently at the maximum b the comp<isition of the vapour 
must be identical with that of the li<iuid, and the mixture with maximum 
boiling-point distils at a constant temperature as though it were a single 
substance. For a mixture of liquids with a minimum boiling-point anal- 
ogous results arc obtained, so that in the graphic representation the 
vapour-tension cun’e must be tangential to the boiling-point curve, and 
touch it at the minimum-point. 

The separation of a mixture of liquids by fractionation is also impossible 
when the boiling-points of its constituents are close together, because the 
es.sential characteristic of the whole method consists in the unecjual vola- 
tility of the portions composing the mixture, resulting in the distillation of 
one substance before the other. If tjie substances have nearly the same 
lK)iling-point, then both attain a vapour-tension of one atmosphere at 
almost the same temperature; in other words, they are almost eciually 
volatile. W'^ith these conditions it is therefore impossible to apply the 
method successfully. • 

22 . Steam-distillation . — In the preparation of manj' organic sub-> 
stances a cru<le reaction-product containing tarry matter is produced 
frequently along with the required compound. To free the substance 
from this contamination, use is made often very advantageously of the 
property possessed by many substances of distilling in a ciurcnt of 
steam, the tarry matter remaining behind. Fig. 17 shows the appa- 
ratus employed in such a distillation. 

Water is boiled in the can a, fitted with a dclivery-tulie c and a 
safety-tube b, the evolved steam being passed into the bottom of the 
distillation-flask d. If the distillation be interrupted, cooling causes 
diminished pressure in o, air being then able to enter the tube 6. If 6 
were not used, the liquid in d would flow back into a owing to the 
fall in the steam-pressure. 
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Steam-distillation is also of service in separating compounds volatile 
in steam from others not volatile in it. With substances insoluble in 
water the distillate is a milk-like liquid, because the water in the receiver 



Pio. 17. — Steam-distiij.ation. 


is mixed with fine oily droi)s. There is also an oily layer above or 
below the water. 

Ill steam-distillations two IKiuids take part, water and the substance to 
be distilled. Usually these liquids are not miscible in all proportions. In 
the limiting case of each liijuid being wholly insoluble in the other, the 
vaiiour-prcssure ot each is unaffected by the presence of the other. Since 
the liquid is boiling, the sum of the vapour-pressures of the two constituents 
at the boiling-ixiint of the mixture must be eiiual to the barometric ])res- 
sure. The boiling-point must be lower than that at ordinary pressure of 
the lower-boiling of the two substances, because the partial pressure is 
necessarily smaller than the total pressure, which is equal to that of the 
atmosphere. The same result is therefore attained as by distillation at 
diminished pressure, the volatiliication of the substance being effected at a 
temperature lower than its boiling-point under ordinary pressure. 

The velocity of distillation of a substance in steam depends on its partial 
pressure and on its vapour-density, and also on the values of these physical 
constants for water. If the pressures be pi and p*, and the vapour- 
densities di and dt, the quantities distilling simultaneously are pidi (sub- 
stance) and p^di (water). If the ratio pidi : pzdi be large, the substance 
distils with a small quantity of water, the distillation being completed 
quickly. The converse holds for a ratio pidi : pjdi of small magnitude. 
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At a pressure of 760 mm. a mixture of nitrobenzene and water boils at 
99 °. The steam exerts a pressure of 733 mm., so that the tension of the 
nitrobenzene-vapour is 27 mm. Since the vapour-densities of water and 
nitrobenzene are in the ratio of their respective molecular weights, 18 and 
123, the proportion of water to nitrobenzene in the distillate should be as 
733X18 : 27X123; that is, approximately as 4 : 1. Notwithstanding its 
small vapour-tension at the boiling-point of the mixture, the quantity of 
nitrobenzene collectc*d is about one-fifth of the total distillate, the rapid 
volatilization of the nitrobenzene being due to its molecular weight being 
large compared with that of water. Even when an organic compound 
under similar conditions has a vai)our-tcn8ion of only 10 rnm., it distils in 
steam with sufiUcient rapidity to render the method applicable to its 
purification. 

23. Separation of Two Immisdble Liquids. — For separating two 
immiscible liquids a separating-funnel (Fig. 18 ) is employed, the drawing 
indicating the procedure without further explanation. The 
method is applied also to the extraction of aqueous solutions 
of substances soluble in a volatile liquid immiscible with 
water, such as ether, light petroleum, chloroform, and carbon 
disulphide. The solution is transferred to a separating- 
funnel, the solvent selected is added, and after the mouth 
of the funnel has been closed by a glass stopper the two 
liquids are mixed by vigorous agitation, whereupon the 
substance dissolved in the water passes partly into the 
solvent. When ether has been selected for the extrac- 
tion, the ethereal solution is allowed to rise to the surface, 
and separated from the water by opening the st®p-cock 
after removal of the stopper. The water dissolved by Fiq.^ 18 .— Sbi>a- 
the ether during the agitation is removed by chloride oi 
calcium or some other desiccator, and finally the ether is 
distilled. When the dissolved substance is only slightly soluble in 
water and readily soluble in ether, the cxtractum is completed quickly, 
it being then possible to exhaust the aqueous solution almost com- 
pletely by several repetitions of the process, separate portions of ether 
being employed for each extraction. Otherwise, frequent repetitions 
of the agitation are necessary, and even then the extraction is imperfect. 

In accordance with the law of BERTHELO'r, when two immiscible solvents 
are in contact simultaneously vritli a substance soluble in both, the solute 
distributes itself so as to establish a constant ratio between the concentra- 
tions attained in the solvents. If a quantity Xo of the substance be dis- 
solved in a quantity I of the first solvent (water), and this solution be 
extracted with a quantity m of the second solvent (ether), there will then 
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remain a quantity Xi in the first solution, so that Xo — Xi has passed into 
the second solvent. 

In accordance with the law cited, the value of the quantity X i i.s given 
by the equation 


I m 


or Xx^oX- 


Kl 


m-{-KV 


for ^ and - — are the two concentrations after agitation with the 

I m 

solvents, and K is the niuiibcr expressing the constant ratio, or the coefficient 
of distribution. 

A second extraction with the same quantity m of the second solvent 
gives 



or, substituting the value of A'l from the first equation, 


and for the nth extraction, 



Thn.s X„, the quantity remaining in the first solvent (water), dimin- 
ishes as n increases, and as m and K are respectively greater and less. 

Kl Y 


Complete extraction is impossible, because although 


can 


approach zero very clasely, it can never Iwcome equal to it. 

Examples will facilitate comprehension of this formula. Suppose the 
problem be to determine how often 1000 c.c. of an aqueous solution of 
benzoic acid must be extracted with 200 c.c. of ether to remove all the 
benzoic acid from the solution. In this instance Z=1000 c.c., and 
m = 200 c.c. Bj'’ experiment K is found to have approximately the value 
■ffV: that is, if the concentration of the benzoic acid in the ethereal solu- 
tion be represented by 80, that in the aqueous solution is expressed by 1. 
On substituting these values for I, m, and K respectively, the formula be- 
comes 


X Kl IOOOXt^ I 
Xo m+Kl 200+l‘6b0X^ 17’ 


so that a single extraction with 200 c.c. of ether leaves ^ of the benzoic 
acid in the aqueous solution. After throe extractions with 200 c.c. of ether, 

/ 1 \3 1 

there remains only 1 — 1 of the acid, so that the extraction of the 

acid is practically complete. 
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For succinic acid A single extraction of 1000 c.c. of an aqueous 

6000 


solution of this acid with 200 c.c. of ether leaves 


200+6000 


still dissolved in the water. Repeated extraction is necessary to remove 
all the succinic acid from the aqueous solution. 

Several agitations with small proportions of the 
solvent effect a more complete separation than that 
attained by employing the whole quantity for a 
single operation. An example will make this fact 
clear. 

An aqueous solution of a substance is extracted 
with benzene, the coefficient of distribution being i. 

When one litre of the solution is agitated with a like 
volume of benzene in one operation, the proportion 
remaining in the water of the original quantity of 

1 j 

material dissolved is -r-T-r^o- On carrying out the 

extraction in two stages, half a litre of benzene 
being employed for each, the proportion of sub- 
stance remaining dissolved in the water after the 

first agitation is after the second 

jXi=i. Since the same volume of benzene was employed in both in- 
stances, it ffdlows that e-xtraction in two stages gives a better separation 
than a single extraction. By employing the differential calculus, it can be 
provcxl to be best theoretically to extract an infinite number of times 
with infinitely small proportions of benzene. 



Fra. 19. — Filtering- 
flask. 


Separation of Solids and Liquids. — The separation of solids from 
liquids is effected by filtration, a proce.ss accelerated niatorially by 
attaching the funnel with a rubber stopper to a flask a (Fig. 19), con- 
nected through 6 to a water air-pump. To prevent rupture of the 
filter-paper, it must be supported by a hollow platinum cone c or by a 
perforated disk of porcelain. 

24. SeparaMon of Solids from one Another. — The processes for the 
separation of solids depend on diffemnee in solubility. For a soluble and 
an insoluble substance the operation is very simple. If both substances 
be soluble, the method of fractional crystallization must be employed. 
The mixture is dissolved in the minimum quantity of a boiling liquid; 
on cooling the solution the less soluble substance crystallizes firat. The 
mother-liquor is poured off as crystals of the second body begin to sepa- 
rate, and the second compound is crystallized either by fimther cooling or 
by concentrating the liquid by evaporation. Several repetitions of these 
processes are essential to the separation. Even with pure comfiouuds 
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of very different solubilities, the method is not free from difficulty, 
because the solubility of one substance may be modified very con- 
siderably by the presence of another. Water, alcohol, ether, glacial 
acetic acid, benzene, and other substances are employed as solvents. 

25. The foregoing account indicates solid substances to be purified 
usually by crystallization, and liquids by distillation. It is an indica- 
tion of purity for the physical constants to remain unchanged after the 
substance has been submitted anew to the purification process. 
Although any physical constant could serve this purpose, the meUing- 
point and the boiling-point are those most employed, because they am 
determined easily, and slight impurities exercise a very material 
influence upon them. Often they afford also a means 
of identifying substances. If a compound obtained 
by sonic process ^ thought to be one already known, 
it is strong evidence in favour of the supposition for 
the melting-point and the boiling-point of the sub- 
A stance to coincide with those of the compound sup- 
posed to be identical with it. For this reason deter- 
minations of melting-points and boiling-points are 
made very often. 

The best method of ascertaining whether two sub- 
stances are identical is to mix them in approximately 
equal proportions and determine the melting-point of 
the mixture. When identity exists, the melting-point 
of the mixture will coincide with that of the two indi- 
Fia. 20.— Thiele’s vidual substances; when it does not, the mixture 

Meltino - iHjiNT • melts at a much lower and less sharply defined temper- 
Apparatus. ature. 

Thiele has devised a very convenient apparatus for determining 
melting-points (Fig. 20). A small quantity of the substance is placed 
in a thin-walled capillary tube scaled at one end. This tube is attached 
to a thermometer T with its bulb dipping into a liquid of high boiling- 
point, such as concentrated sulphuric acid, olive oil, or liquid paraffin 
(31), the viscosity causing the tube to adhere to the thermometer. The 
liquid is contained in the apparatus ABC. Heating with a small flame 
at B induces circulation of the liquid, ensuring uniform warming of the 
thermometer and capillary tube. When the substance fuses, the 
thermometer is read. 

The boiling-point is determined by heating the liquid to its boiling- 
point in a fractionation-flask with a high side-tube. To ensure the 
mercury column being surrounded completely by the vapour of the boil- 
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ing liquid short thermometers are employed. To avoid inc5onvenicntly 
small graduations, these thermometers are constmcted to indicate a 
comparatively small range of temperature only, six or seven different 
instruments being employed for temperatures between -30® and 360®. 
They are designated ^‘abbreviated'^ thermometers. 


26. Sometimes physical constants other than the melting-points and 
boiling-points are employed in the investigation of organic compounds. 

1. The density can be determined with the pyhno- 
meter, its most useful form being shown in Fig. 21. It 
consists of two thick-walled capillaries a and h, termi- 
nating in a wider tube c. The parts a and b are fur- 
nished with a millimfitre-scale. The capacity of the 
ipparafcus is determined first, as well as that of the 
space between two divisions, by filling it several times to 
(lifTorcnt divisions with water of known temperature, 
and then weighing. The liquid under investigation is 
ihen placed in the apparatus, and the pyknometer 
with its contents is weighed after the positions of the 
menisci in the cai)iIlarios have been observed; from the data thus 
obtairK'd the densit}^ can be calculated. 

The coefficient of expansion of organic liquids is almost always nnich 
greater than that of water at the ordinary temperature, and the deiisitiis 
of these substances are influenced greatly by change of t(unperature. As a 
rule, there is an alteration of one unit in the third decimal place for each 
degree of temperature alteration. 

As indicated by Mendel^eff, the* density of such liquids at diffe rent 
tenii)eraturcs can be exq^ressed very approximately by the formula 





Do being the density at 0°, A that at t"^, and K a constant dependent on 
tile nature of the liciuid. 

Th(‘ number derived by division of the molecular weight by the density 
is termed the molecular volume, 

2. The rotation of the plane of polarization is another constant of 
ini])ortance. Some substances, such as turpentine, a solution of sugar, 
and other materials, have the property of rotating out of its original position 
tile plane of a ray of polarized light passing through them. I’his phe- 
nomenon is termed the roUttion of Die plane of polarizatimx, and substances 
liossessing this property are said to be optically active, Polarinieters have 
been constructed for measuring the angle through which the plane of 
polarization is rotated by an optically active substance, LArRENH'’s form 
(Fig. 22) being one of the best known types. The yellow sodium-light of 
the burner TT is polarized in the part of the apparatus marked BD, and 
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then passes through a tube of known length (200-500 mm.) placed in the 
channel L, This tube contains the liquid or solution under examination. 
The part OC of the apparatus serv^es to measure the rotation of the plane of 
polarization. 

The extent of the rotation of the plane of polarization is proportional to 
the length of the tube, and is expressed in various forms. One mctliod is 
to state tlie rotation of a substance in terms of the effect produced by a 
given length of the tube described. The angle of rotation is read directly 
from the instruiiKiiit, and usually is denoted by a. By convention, the 
specific rotary power is defined as the quotient obtained by dividing a by 



Fiu. 22. — Lauiient's Polakimeter, 

the product of the length of the tube into the density of the liquid. This 
value is denoted by [«J, so that 


I being the length of the tube, and d the density of the liquid. Under these 
conditions, [aj expresses the rotatory power of a substance per unit length 
••^f the tut)e (I decimfitre), and for unit weight of the substance divided into 
the unit of volume. 

1 he extent of the rotation is dependent on the colour of the light, on the 
temperature, find for solutions on the nature of the solvent. The measure- 
ment is made often wdth sodium-light, which gives a yellow line in the 
spectroscope, denoted by D. With this type of light the symbol [(Ot]o is 
employed. 

When the rotatory power of a substance is small, or when its slight 
solubility restricjts its use to dilute solutions, the rotation often can be 
increased by adding a solution of boric acid, of molybdic acid, of uranium 
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salts, or of other substances. These bodies combine with the organic pro- 
ducts to form compounds of much higher rotatory power. 

The determination of the refractive power or refraction of liquid com- 
poimds is of great importance in organic research. A description of the 
apparatus employed is given in text-books of physics. The index of 
refraction, n, depends on the colour of the light employed, and generally is 
determined for the three principal lines of the hydrogen spectrum, for the 
yellow sodium line, or for five of the more orilliant lines of the helium 
spectrum. The difforence in refraction for the various colours is termed 
diepersiim, and also finds application in organic investigation. 

The refraction also depends on the temperature, and therefore on the 
density of the lifiuid. On the<)retical grounds, Lorkntx, of Leyden, and 
Lohenz, of Copenhagen, consider the expression 

w^-I 1 
«2+2'rf 

to be indcpen<lont of the temperature, d representing the density. Within 
narrow limits <»f temijcrature, their view is supported by numerous exiieri- 
nientnl determinations. An empirical formula suggested by I0ykm-\n*, 

7 ( 2—1 1 

— ; • „ remains constant over a range of tenuKiratun; of more than 100“, 

n-|-0*4 a 

and furni.shes a much better expression of the independence of temperature. 
I’he product of these expressions by the molecular weight M, 

v^—l M V-—1 M 

Lorciitst's formula Kykiiiaii s formula 


is named the molecular refraction. Reference will*l)c made subsequently 
to the great importance of this constant. • 

The mohcvlar electric rmduclivity is considered in 87, and the ab.'iorption 
for ultraviolet light in 337. 


CLASSIFICATION OF ORGANIC COMPOUNDS. 

27. The organic compounds are classed usually in two main divisions. 
One of these sections includes the fatly or aliphatic compounds {aXudtap, 
fat), and the other the cydic or ring compounds. The first class owes 
its name to the inclusion in it of the animal and vegetable fats. Its 
members are called also hormaihic compounds, their carbon atoms 
being arranged in a chain or row. The name of the second class is 
derived from the presence in its compounds of a closed chain or ring of 
atoms. 
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The aliphatic compounds can be regarded as derived from methane, 
CH4. The most important cyclic derivatives are the aromaXic com- 
pounds, so-called because many of them are characterized by an agree- 
able smell or aroma. 

The important differences between the general properties of these 
two classes of compounds will be made evident in the sequel. 



FIRST PART. 

THE ALIPHATIC COMPOUNDS. 


ALKANES, CnH2n + 2. 

28. The aliphatic compounds are defined in 27 as those derived 
from viethane, CIL. This genonc relationship makes it desirable to 
begin the study of these comfxmnds with this hydrocarbon. 

Methane is a constituent of the gases evolved from volcanoes. It 
is liberated in coal-mines during the working of the coal-seams, and its 
mixture with air is named fire-daiup by the miners. It is termed tnarsk- 
(joff also, being present in the gases evolved from marshes by the decay 
of vegetable matter. It is an important constituent of coal-gas, being 
present in it to the extent of between 30 and 40 per cent. 

It can be obtained by the followng methods. 

1. By Sabatier and Senderens’s synthesis. When a mixture of 
h\'drogon and carbon monoxide is passed over reduced nickel at tem- 
peiatures between 250° and 300°, methane is formed: 

CO+3II2-CH4+II2O. . 

The nickel undergoes no appai'ent change, and can be utilized repeat- , 
('dly. At temixiratures between 230° and 300°, carbon dioxide I’eacts 
similarly with hydrogen in presence of finely-divided nickel: 

CO2+4H2 = 0114+21120. 

2. Methane also can be synthesized directly from its elements by 
passing hydrogen through a heated tube containing reduced nickel 
mixeil with very finely-divided carbon obtained by the previous decom- 
position of methane. An equilibrium is attained, corresponding at 
475° and one atmosphere with 51 per cent, of methane: 

CH4 C+2H2. 

The action of nickel in methods 1 and 2 is probably due to the 
intermediate formation of an unstable compound of the fonnula NiH2. 

33 
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Pring found that pure carbon and pure hydrogen also combine 
directly without a catalyst at temperatures alwve 1100'’, the equi- 
librium at 1200® corresponding with about 0*35 per cent, of methane. 

3. By the action of water on aluminium carbide: 

CaAU-f I 2 H 2 O = 3CH4-|-4A1(0H)3. 

Other methods of preparation arc referred to in 75 and 83. 

Physical and Chemical Properties . — Methane is an odourless and 
cfJourless gas of density 0*559 (air=l). Its critical pressure is 55 
atmospheres, and its critical temperature —82°. It boils at —165°, 
and solidifies at —186°. It is only slightly soluble in water, but dis- 
solves more readily in alcohol. It is decomposed into carbon and 
hydrogen by the sparks of an induction-coil, or 1)3'’ means 'f the electric; 
arc. Oxidizers such as nitric acid and chromic acid do not attack it,, 
or only veiy slightl3’^, whilst concentrated sulphuric acid and strong 
alkalis have no action on it. It bums with an almost non-luininous 
flame. Its mixture with air or ox3’gen has a violent^’ cxjdosivo char- 
acter, the rc'action being in accordance with the equation 

CH4+2O2 = CO2-I-2H2O. 

This “fire-damp” is one of the cau.ses of explosion in coal-mines. 
Chlorine and bromine react with methane, rejAacing its lydrogen atoms 
by halogen atoms, and forming a hydrogen halide: 

• CIl4+2Cl = Cn3Cl+ITCl. 

« 

The replacement of one atom by another is termed substitution. If 
chlorine or bromine be present in excess', the final product is carbon 
tetrachloride, CCI 4 , or carbon tetrabromide, CBr4. 

29. There exists a series of hydrocarbons having general chemical 
properties similar to those of methane. Examples of these compounds 
are ethane C2H6, propane CsIIs, butane C4II10, pentane hexane 

C6II14, etc., pentatriaxoniane, C36H72, and hexacontane C60H122. These 
formulaj are special cases of the gtmeral expression CnH2n+2, for methane 
n being 1 . The hydrocarbons CnIl2u+2 resemble methane in their power of 
resisting oxidation, and are unaffected by concentrated sulphuric acid, 
whilst halogens act on them with substitution of h3'drogon and formation 
of compounds of the formula? C„H2n+iCl, CnH2i,Cl2, and so on. 

The higher hydrocarbons can bo obtain(;d from those lower in the 
series by a process of building, exemplified by the formation of ethane 
from methane through replacement of a hydrogen atom by halogen. 
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and the subsequent action of sodium or calcium on the halide thus 
obtained: 

2CH3l+Na2 = C2He+2NaI. 

Propane can be prepared in accordance with the following equation: 
CHal+CaHsI+Naa = C3H8+2NaI. 

In general, the hydrocarbon CnTIan+a is formed by the action of sodium 
on a mixture of the hydrocarbons CmHam+iI and CpIIap+iI, when 
m+p=n. 

In addition to propane, butane, C 4 H 10 , is produced from 2CsHsI, and 
ethane, CjIIe, from 2 CH 3 I, three hydrocarbons being obtained. A mix- 
ture of products is formed always in syntheses of this type. 

Since methane can Ikj prepared synthetically, obviously it is possible 
to syntJjesi^e each hydrocarbon of the formula CnIl2n+2. 

30. Nomenclature . — The hydrocarbons Cnllan+a arc distinguished 
alwaj'S by the termination "ane.” The first four mendjers, methane, 
ef hane, propane, and butane, have special names; the others arc denoted 
by the Greek or Latin numeral corresponding with the number of carbon 
atom, CsIIis Iwing termed octane, Ci2ir26 dodccane, C31II64 hentriacon- 
tnne, and so on. 

It will be necessary often to consider groups of atoms unobtainable 
in the free state, but theoretically derit^able by removal of a hydrogen 
atom from the hydrocarbons CnH2n4.2. These groups have the g<'neral 
foi-nmla Cnll2n4i, and arc named alkyl-groups.*^ They are demoted 
individually by changing the termination "ane” of the corresponding ^ 
hydrocarbon into “yl,” CTT3 being termed methyl, C2TT5 ethyl, C3H7 
propyl, 041X9 hiityl, C12H26 dodccyl, etc. 

The hydrocarbons CnH2n+2 have the general name alkanes. They 
belong to the class of saturated hydrocarbons, because being saturated 
with hydrogen they are unable to take more hydrogen atoms into the 
molecule. They are also termed paraffins because paraffin-wax consists 
of a mixture of the higher members. 

31. Occurrence in Nature . — The hydrocarl>ons C„H2ii+2 exist in 
nature in enormous quantities. Cnule American petroleum consists 
of a mixture of a great number of these compounds, mnging fiom the 
lowest to the highest members of the series. From this petroleum, 
after treatment with acids and alkalis to fn*e it from substanc(‘s other 
than hydrocarbons of the formula C\,H2o+2, thrtie principal products are 
obtained by fractional distillation. The most volatile portion is named 
petrol, gasoline, light petroleum, petroleum-ether, benzine, naphtha, or 
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ligrcHn. It distils between 40® and 150®, and contains lower membt^rs, 
chiefly CeHu, CrHie, and CsHis. It is employed extensively as motor- 
spirit, as a solvent for fats, oils, and resins, and in the removal of stains 
from clothing in the “ Dry-cleaning process.” 

The steadily increasing demand for these products, especially for petrol, 
has led to the introduction of the “Cracking process.” The less volatile 
constituents of the petroleum accumulate in great quantities and have a 
relatively small value. In this process they are distilled at about 500“ 
and at a prc'ssure of appro.vimately twelve atmos])heres, the large mole- 
cules of the higher hydrocarl)ons being decomposed into smaller molecules 
with the formation of a light oil. Owing to the relatively low percentage 
of hydrogen present in the less volatile constituents or heavij oil as com- 
pared with the more volatile constituents or light oil, cracking not only 
produces unsaturated hydrocarbons but leaves as a residue in the retorts a 
large proportion of carbon in the form of coke, and therefore gives a poor 
yield of light oil. Behgius cracks the petroleum constituents in an 
atmosphere of hydrogen at about 400® and 100 atmospheres, and thus 
almost completely obviates carbonization. 

The method of Bergius is also applicable to the hydrogenation of 
finely powdered coal suspended in nuneral oil. Should it prove to lx? 
practicable on the largo scale, its technical importance would become very 
great, for the world’s supply of coal is much greater than that of iMjtroleum. 

The portion distilling between 160® and 300® is ordinary petroleum, 
and is utilized on a large scale for lighting and cooking. 

Further distillation above 300° yields lubrirxiting oil, and then wax- 
like products, the residue in the still ultimately carbonizing. The 
residual product froiii the evaporation of American petroleum in the 
air is termed “Vaseline” or petroleum-jelly. It is S(^mi-solid at the ordi- 
‘ nary temperature, white when pure, and finds application in pharmacy 
as a substitute for fats in the preparation of ointments. It is employed 
as a lubricant for machinery, and also for covering the surfaces of 
metallic articles to hinder oxidation. As a protective coating it is 
superior to vegetable and animal fats, as in course of time they bt?come 
rancid and attack the surface of the metal. Vaseline is free from acid, 
and remains unchanged on exposure to air. 

Paraffi.vrwax is a mixture of the highest members of the series CnH 2 n+ 2 , 
among them the hydrocarbons C 22 H 46 , C 24 H 60 , C 26 H 54 , and C 28 Hr, 8 . 

Some kinds of crude petroleum, notably that obtained from Java, 
contain a considerable proportion of these highest members. They 
are present in only relatively small amount in American petroleum. 
Liquid paraffin is a pn)duct of high boiling-point, obtained in the dry 
distillation of brown coal. Earth-wax or ozokerite occurs in Galicia, 
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and consists chiefly of paraffin-wax. This substance is obtained also 
in the dry distillation of the brown coal found in Saxony. 

Asphalt (from &a<l>a\TOi, unalterable) is a mixture of hydrocarbons 
of high molecular weight, and contains also compounds of oxygen, 
nitrogen, and sulphur in small proportions. It is prtistmt in largo 
quantity in the celebrated “Pitch lake" of Trinidad, and in a similar 
lake in Venezuela, and is found also in Cuba. Artificial asphalt con- 
sists partly of oxidation-products of mineral-oil constituents of high 
boiling-point, analogous to the brown product formed by the action of 
atmospheric oxygon on paraffin-wax heated at a high ttjrnperaturo for a 
long time. It contains also residual pitch from the distillation of coal-tar. 
32. The petroleum stored at depths up to 600 metres in widely separated 
parts of the earth’s interior is characterized l)y notable differences in com- 
position. Probably the saturated hydrocarbons in it have been formed 
from fats under the influence of high temperature and great pressure. In 
confirmation of this hypothesis, Englek has prepared by distillation of 
train-oil under pressure a liquid very similar to natural petroleum. A 
mixture resembling petroleum and composed of saturated hydrocarbons is 
formed also by distilling in vocmo the salts of the higher fatty acids. 

Many diverse suggestions have been made as to the origin of the 
enormous quantities of fats assumed to constitute the basis of petroleum. 
The best explanation is that of Potonie, who regards the oil as having 
originated in the sapropelium or “putrefying ooze,’’ a material rich in fats. 
Shallow fresh-water pools contain floating flora and fauna {plankton) of 
very minute dimensions {microplankton). ’I'liey proi)agate rapidly, but 
the life of the individual is short. In oonsequence, a continuous shower of 
dead microplankton descends to the bottom of the pool, and subsequently 
decomposes to form sapropelium. * 

Caucasian ]ietroleum consists mainly of naiAithenes. Pictet has 
demonstrated the probability of its generation through the decomposition « 
or resins, and therefore of its vegetable origin. 

Homologous Series. 

33. The general formula indicates each of the hydrocarbons 
Cnllan-f-a to differ in composition from the rest by nXCH2. The unim- 
portance of the influence exerted by this difference on their chemical 
properties is mentioned in 29. 

Whenever organic compounds ‘show great resemblance in their 
chemical properties, and have at the same time a difference in com- 
position of nXCH2, they are said to bo homologous (6/u6Xo7os, corres- 
ponding), the name homologous series being given to such a group of 
compounds. As will be seen later, many such scries are known. 

Obviously this grouping simplifies the study of organic chemistry. 
Instead of having to consider the chemical properties of each com- 
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pound individually, it is sufficient to examine one member of a homo- 
logous series, as this procedure gives the principal characteristics of all 
the other members. In addition to the main properties common to 
the members of a homologous series, each individual member has its 
special characteristics. Except in a few instances, this book will not 
deal with them, because they need to be considered only in a more 
extensive survey of the subject. 

The physical properties, such as the melting-points, boiling-points, 
dcns'tics, and solubilities, of the members of a homologous series, 
generally change uniformly as the number of carbon atoms increases. 
Usually the melting-points and boiling-points rise from the lower to 
the higher members of a homologous series. 

A table of some of the physical constants of a number of normal 
(36) members of the paraffin series is given below. An inspection 
of this table reveals the first four niemb(’rs to be gases at the ordinary 
temperature, those from C.5 to Cie liquids, and the higher members 
solids. Although methane is odourless, the liquid members have a 
characteristic petroleum-like smell, a contiast to the odourless solid 
members. All arc nearlj^ insoluble in water. 

2'be diffenmees between the melting-points and boiling-points respec- 
tively of successive membei's of the series become smaller with increase? 
in the number of carbon atoms, a phenomenon usual with homologous 
series. 


For- 

mula. 

Name. 

Melting- 

point. 

> 

Observed 

Boiling- 

point. 

Calculatef 

Boiling- 

point. 

Density'. 

CH 4 

Methane • 



-166-3° 

0.415 (at -ItiO") 

C*H, 

Ethane 

172- r 

- 93^ 

- 95-3° 

0.440 (at0°) 

C,H, 

Propane 


- 45 ° 

- 43-1° 

0.536 (at. 0°) 

C4H,o 

Butane 

- 135 ^ 

0-1° 

- 0-4° 

0.600 (at0°) 

C 6 H 12 

Pentane 

-130.8^ 

36-3° 

36-4° 

0.627 (at 14°) 

C.Hm 

Hexane 

- 94-03" 

68-9" 

68-9° 

0-658 (at 20°) 

C,H„ 

Heptane 

- 94 . 5 ° 

98-4° 

98.3° 

0.683 ” 

CsH.s 

Octane 

- 57-4" 

125-6° 

125-1° 

0.702 ” 

C,H„ 

Nonane 

- 51° 

149-5° 

149-8° 

O. 7 I 8 

CioHjj 

Decane 

- 31° 

173° 

172-8° 

0.730 ” 

C„H24 

Undecane 

- 20° 

194° 

194-3° 

0. 774 at melting-point 

C,2H2, 

Dodecane 

- 12° 

214-5° 

214-6° 

0.773 ” 

CmHjo 

Tetradecane 

4° 

252-5° 

252-0° 

0-776 ” 

C„H,4 

Hexadecane 

18° 

287-5° 

285-9° 

0.776 

C 20 H 4 * 

Eico.stino 

36.5° 

205°* 

— 

0.7775 

C 21 H 44 

Hencicosane 

40*1° 

215° 

— 

0.7778 

C2,H4» 

Tricosane 

47 . 4 ° 

234° 

— 

0.7799 ” 

C3iH»4 

Hentriacontane 

68 . 4 ° 

302° 

— 

0.7799 

C34H72 

Pentatriacontane 

74° 

331° 

— 

0.7813 

C»oTIi22 

Hexacontane 

101 ° 

— 

— 

— 


* At 15 mm. pre8sure» and same for those following. 
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For the boiling-points these differences are functions of the absolute 
temperature. Sydney Young has induced the empirical formula 

144-86 

“ ~ 2^-oi48V3r’ 

givii^; the difference in boiling-point of two successive members of the 
series, when T is the boiling-point on the absolute scale of the more volatile 
of the two homologues. The boiling-points in the fifth column of the 
table in this section were calculated by the aid of this formula. 

The expression holds not only for this homologous series of hydrocarbons, 
but also for many other homologous series. The differences between the 
calculated and observ'cd boiling-points are greatest for the lower members. 
For some homologous series the divergences are considerable, but can be 
proved usually to be due to association of the molecules of the compound 
in the liquid state, the molecular weight in this condition being twice, or a 
higher multiple of, that in the normal p^seous state. 

Young’s formula holds for normal pre.ssure, 760 mm. Often for the 
absolute boilmg-poiats of two substances a and b the simple relation 

Ta^T^ 

Ti T'b 

obtains, T and T' being the absolute I>oiling-points of the substances at the 
same arbitrary pressure. Otherwise expressed, this equation means that 
the ratio of the boiling-[X)ints at difftirent pressures often is constant. 

Eykman has determined with great care the molecular refractions of the 
members of this series and of many other homologous series. His experi- 
ments have proved the difference between successive values not to be 
constant for the initial members of such scries, bu/< to become constant for 
the third or fourth member and those succeeding. • This difference may be 
regarded as the refraction of the CHr-group. Em ploying Eykman’s formula* 
(26), the difference for the a-line of the hydrogen spectrum is 10*260, and 
for the /S-line 10*431. 

Molecular refraction is mainly an additive property of the molecules. 
Despite the slight degree of its constitutive influence, deviations from pure 
addivity often furnish valuable indications of structural arrangement, as 
will be indicated frequently in the sequel. 


Isomerism and Structtire. 

34. The only known substance with the formula CH* is methane. 
Similarly, there is only one comixjund having the formula C2H0, and 
one with the formula CaHs- There are known, however, two com- 
pounds with the formula C4H10, three with the formula C5H12, five 
with the formula CaHw, and so on. The phenomenon of two or more 
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compounds being represented by one formula is termed tsomerism (2), 
and compounds having the same formula are designated isomerides. 
Isomerism is explained by a consideration of the grouping of the atoms 
in the molecule. 

One of two hypotheses might be adopted. In the first place, the 
arrangement of the atoms might be regarded as altering continually, 
a molecule l)oing represented as like a planetary system having a con- 
figuration changing from moment to moment. This hypothesis fails 
to explain the phenomenon of isomerism, for it is not apparent how the 
four carbon atoms and ten hydrogen atoms in butane could form two 
different substaiuies if their arrangement were indeterminate. There 
arc trillions of molecules present in even one cubic millimetre, and all 
the possible configurations of these fourteen atoms must therefore be 
supposed to exist at any instant. 

Isomerism can be understood at once by assuming a definite and 
unchanging arrangement of the atoms in the molecule, because then 
the difference in the properties of isomeric compounds can be (ixplaincjfl 
by a difference in the arrangement of equal numbers of the same atoms. 

A definite and unchanging arrangement of the atoms in a molecule does 
not involve their being immovable with resiKjet to one another, for they 
might revolve round a point of equilibrium without alteration in (h(;ir 
order of suc(!ession. 


3$. Since the phenomenon of isomerism leads to the a.s.sumption of 
a definite arrangement of the atoms in the molecule, it is necessary to 
solve the problem of. how tlie atotns in the molecules of different com- 
pounds are gi-oupcd.‘ The basis of the solution is the <iuadri valency of 
the carbon atom. In methane the arrangement of the atoms can be 
represented by the formula 


C<^ 


the four valencies of the carbon atom acting as four points of attraction, 
each holding a univalent hydrogen atom fast. No other arrangement 
is po.ssible, because the hydrogen atoms cannot be bound to one another, 
the only point of attraction, or single bond, of each being already in 
union with one of the valencies of the carbon atom. 

The arrangement of the atoms in ethane, CaHo, must now be investi- 
gated. This substance can be obtained by the action of sodium on 
methyl iodide, CII3I (S3)» with a quadrivalent carbon atom, three 
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univalent hydrogen atoms, and one univalent iodine atom. It must 
therefore be represented thus; 


C< 

\ 


ir 


Sodium reacts with methyl iodide by withdrawing the iodine atoms 
from two molecules, v .th formation of ethane. The removal of the 
iodine atom sets free the carbon valency previously attached to this 
atom, with the production of two groups 


n 

H/ 


Sin(!e the formula of ethane is C’oHk, obviously the only arrangement of 
its atoms possible involves the union of the two free valencies of the 
methyl-groups: 


II/ \ll 


The arrangement of the atoms in propane can be determined in an 
exactly analogous manner. The formation of propane by the action 
of sodium on a mixture of methyl an<l ethyl halides is mentioned in 29. 
Since ethane can be prepared by the interaction of sodium and methyl 
iodide, the formula of an ethyl halide ^-an be only 



X representing a halogen atom. 

If the halogen be eliminated from this substance and from methyl 
iodide simultaneously, the resitlues unite, showing propane to have the 
structure 


11 



H 




or shortly H3C*CH2*CH3. 


Such an arrangement of symbols expressing the configuration of a 
molecule, and indicating the form or structure, is termed a structural or 
constitutional formula. 
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The following example makes clear the dependence of isomerism on 
differences in structure. One of the five known hexanes boils at 69", 
and at 20*9° has the density 0*6583; another boils at 58", and at 
17*5° has the density 0*6701. The first is obtained by the action of 
sodium on normal propyl iodide, CII3 *0112*01121. The argument 
respecting the constitution of normal propane indicates this hexane to 
have tlie structure 

OH3 *0H2 *0H2— OII2 *0H2 *0H3. 

On th(i assumption of its formation by the union of two propyl-groups 
it is named dipropyl. 

In addition to this normal propyl iodide, an isomeride named iso- 
propyl iodide is known. Both compounds can be converted readily 
into propane, C’H3*CIl2*CIl3. Assuming the isomerism to bo due to a 
difference in the arrangement of the atoms in the molecule, the isomer- 
ism of th(‘ two compounds ClJsH?! (^an be explained only by a difference 
in the position occupied by the iodine atom in the molecule, because 
the arrangement of the atoms in propane is known, and each of the 
propyl iodides diff(!rs from propane only through the substitution of one 
hydrogen atom by iodine. If the <5onstitution of normal propyl iodide 
be CH3*Cll2*CH2l, isopropyl iodide must have the structure 

IT 

CH3*C.CH3. 

• 

I 

« 

The hexane boiling at 58" is produced by the action of sodium on 
isopropyl iodide, and “Consequently must have the structure 

CIl3*CH.C’Il3 CHav /CIT3 

I or >(:h*ch< 

CH3*CH*CH3 CH3/ ^CHa 

Hence it is called diisopropyl. 

Carbon Chains. 

36. Evidently the facts cited make it reasonable to assume the 
existence of a bond between carbon atoms in the molecules of organic 
compounds. This bond is very strong, for the saturated hydrocarbons 
resist the action of powerful chemical reagents (29). The property 
possessed by carbon atoms of combining to form a series of many atoms, 
a carbon chain, like that in the hexanes described previously, constitutes 
a marked distinction between them and the atoms of all the other 
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elements. Such atoms either lack this power, or have it only in a very 
inferior degree. The enormous number of the carbon compounds is 
due to this property, in conjunction with the quadri valency of the 
carbon atom. 

A carbon chain like that in dipropyl is said to be normal, an example 
of a branched chain being fm-nished by diisopropyl. Each carbon atom 
in the normal chain is in dinict union with not more than two others; 
in l>ranch(5d chains ther are carbon atoms in direct union with three or 
four others. A normal-chain compound is denoted usually by putting 
n before its name; branched-chain compounds often are distinguished 
by the prefix ino. 

A carbon atom united dinictlj" with only one other carbon atom is 
named primary; one united with two carbon atoms is termed secondary; 
uuo with three, tertiary; and one with four, quaternary. A carbon 
atom situated at the end of a chain is <lesignated terminal. ’’ITie carbon 
atoms of a chain arc; distinguished by numbers, the terirunal one being 
denoted by 1, the one next it by 2, and so on; for (example, 

CII3.CH2.CH2.CIT3. 

1 2 ;i 1 

Sometimes the terminal atom is denoted by a, the one linked to it by /3, 
and the succjc'eding one by 7, etc., but a terminal carbon atom in a C?N- 
group, (ylTO-group, or COOII-group, is distinguislmd by w, the next 
by a, and so on. 

Law of the Even Number of Atorfls.— Tlic miiiiber of hydrogen atoms 
in Uie .saturated hydrocarbons is even, their formula Iwing CnH^n+j. All 
other organic compounds can be roganied as derived by exchange of these 
hydrogen! atoms for other elements or groups of at(?ms, or by the removal 
of an oven number of hydrogen atoms, or by both C!U!.ses simultaneously. 
It follows that the .sum of the atom.s with uneven valency, such as hydro- 
gen, the bn logons, nitrogen, and phosphorus, must be always an even 
number. The molecule of a substance of the empirical composition 
C’.-.HA^sN must he at least twice as great as this formula indicates, because 
2H-1-1N is uneven. 


Number of Possible Isomerides. 


37. The quatlrivalency of the carbon atom, coupled with the prin- 
ciple of the formation of chains of atoms, not only explains the existence 
of the known isomerides, but also renders possible the prediction of the 
existence of unknown compoimds. Thus for a compound C4H10 either 


the structure CH3.CH2.CH2.CH3 or 


CH3 

CH3 


>CH.CH3 can be a.ssumed; 
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and there are not any further possibilities. A pentane can have one of 
tile structural formula; 


( 1 ) 


CH3 .C:il2 -0112 -CHa .CH3; 


(2) CH3-CH2*CH< 


CHs. 

CII3' 


(3) 


CHs 

CH3 


>o< 


CH3 

CHs- 


For a hexane one of the following five arc possible : 


( 1 ) 

(3) 


CH3 .c;h2 -0112 -0112 •(::h2 .('H:,; 

CTIs-CHg.Cll .CH2-CH3. 

CII3 


(2) CH3*CH2.CH2.CH<^JJ3; 
(4) CHs-CH.CH.CJHs. 
CH3CH3 


(5) 


CH3.(^H2-C 



If the principles given above be assumed, it will be impossible to find 
structural formula; other than those mentioned. 

Should it be possible to obtain the same number of isornerides as can 
be predicted thus, and no more, and should the products of synthesis or 
decomposition of any existing isomcride necessitate the assumption of 
the same structural formula as that required by the theory, these facts 
constitute a very important confiimation of the correctness of the 
principles underlying the theory. This correspondence of fact with 
theory has been proved to hold in many instances, and therefore affords 
an important means of detennjuing the stmeture of a new compound, 
because if all the stmctural formula; possible for the (;ompound accord- 
ing to the theoiy be considered in turn, one of them will be found to be 
that of the substanCe. 

Frequently the number of isornerides known is much smaller than 
that possible, because the number of possible isornerides increases ver}’ 
quickly with increase of the number of carbon atoms in the compound. 
Cayley has calculated that there are nine ix)ssible isornerides for 
C7H10, eighteen for CsHis, thirty-five for C9H20, seventy-five for C]oH22, 
one hundred and fifty-nine for C11H24, three hundred and fifty-four for 
C12H26, eight hundred and two for C13H28, and so on. Chemists have 
not tried to prepare, for example, every one of the eight hundred and 
two possible isornerides of the formula C13H28, because their attention 
has been occupied by more important problems. There can, however, 
be no doubt as to the possibility of obtaining all these compounds, 
Ijccause the theoretical methods for synthesizing them are known. 
Although in theory the problem would present no difficulty, it might 
involve hindrances of an experimental nature. 
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Physical Properties of Isomeric Compounds. 

38. Of the different isomeridcs the normal compound has the 
highest boiling-point. 

The nearer a side-chain is to the terminal carbon atom, the lower is the 
boiling-point. Two side-cliains attached to different carbon atoms produ(!e 
a considerable reduct’ n in the l)oiling-point. The isomeride with two 
side-chains in union with the penultimate carbon atom hjis the lowest 
boiling-point. The subjoined table affords confinnation of these state- 
ments. 


Name. 

Formula. 

Boiling-point. 

w-Octane 

2-Methylheptane 

CH,.(CH2)6.CH, 

CH3-CIl-(CH2)4.CHa 

ClI, 

125 . 5 “ 

116.0“ 

3-Methylhcptaae 

ClI3.CH2.cn. (CIl2)s.CIIj 

Cii, 

117 . 6 “ 

4-Methylheptane 

CH3.(CH2)2.fUl.(CH2)2.CH, 

CH, 

0 

0 

m 

QC 

2: 5-Dimethylhexane 

ClL.ClI.fCTDi.CII.CH., 

CII, (m, 

108.3“ 


CII, CH, 


2 : 2' : 3 : 3'-Tetramethylbutane 

CII3.CJ (%CH, 

104“ 


* * 

CII, CH, 



The isomeride with the most branched chain oft(‘n has the highest 
melting-point. 

In the examples cited the j)ositu)ns of the side-chains are denoted by 
figures, the carbon atoms of the main chain being numbered consecutively 
from one end to the other. This mode of notation is employed for all 
groups of organic compounds. 
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39. The aVcanols or alcohols of the homologous series CnH2n+20 can 
be obtained by the action of silver hydroxide on the alkyl halides: 

aH2n+ 1I+ AgOH = aH 2 n+ 20 -f- Agl. 

It is usual to bring an alkyl iodide into contact with moist oxide of 
silver, the portion dissolved in the water reacting like silver hydroxide 
(“ Inorganic Chemistry,” 248). The preparation of the alcohol from 
the iodide can bo effected also by heating it with excess of water at 100°: 

0211614- H20 = C2ll60+HI. 

When sodium reacts with an alcohol CnH2n+20, one gramme-atom 
of hydrogen is liberated from cacn gramme-molecule of the alcohol, and 
a compound termed sodium alkoxide or alcoholate, CnH2n+iNaO, is 
produced. In presence of excess of water this product decomposes 
into sodium hydroxide and an alcohol. The sodium has replaced one 
atom of hydrogen, and neither it nor any other metal can replace more 
than one hydrogen atom, any excess of sodium added remaining un- 
changed. It follows that only one hydrogen atom in the alcohol molecule 
is replaceable by sodium. 

WTien an alcohol reacts with trichloride or pentachloride of phas- 
phorus, an alkyl chloride is formed: 


3CnH2n ^20+PCl3 = 3CnH2n+lCl+H3PQ3. 


From these facts the constitution of the alcohols can be induced. 
Silver hydroxide can have only the structure Ag— 0 — H, its bivalent 
oxygen atom being united with its univalent silver and hydrogen atoms. 
The reaction following contact between silver hydroxide and an alkyl 
iodide must involve the severance of both the iodine atom from the 
alkyl-group and the silver atom from the hydroxyl-group. As a result, 

46 
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the alkyl-group and the hydroxyl-group are afforded the opportunity 
of uniting through the liberated valency of each: 


CnH2n+l I + Ag OH 


CnHzn+l— OH. 


This method of formation proves the alcohols to contain a hydroxyl- 
group. Their preparrtion from alkyl iodides and water leads also to 
the same conclusion, and it receives further support from the two 
properties of alcohols mentioned on the preceding page. Evidently, if 
the structure of an alcohol l)e expressed by CnH2n+i*OH, all the 
hydrogen atoms present except one are in direct union with carbon; 
and one hydrogen atom occupies a special pjosition in the molecule, 
due to atta( 5 hmcnt to the oxygen atom with its second valency united 
v.ith a carbon atom. It is reasonable to assume the special position 
occupied by this hydrogen atom to involve the special property of being 
the only hydrogen atom replaceable by alkali-metals. Moreover, 
sodium liberates hydrogen from another compound containing a 
hydroxyl-group. This compound is water, and for it the only con- 
stitution possible is H — O — H. 

The fact of the alcohols being convertible into alkyl chlorides 
through the action of the chlorides of phosphorus is additional proof 
of the presence of a hydroxyl-group in the molecule. The empirical 
formula CnH2n+20 and Cnn2n4.iX show the halogen to have replaced 
OH. In this reaction the hydroxyl of the alcohol may be assumed to 
have changed places with the chlorine of the phosphorus compound: 

3(CnIl2„+l-OH)+^P. 

A consideration of the possible constitutional formula for substances 
having the general molecular formula C„H2n+20 reveals the linkage of 
the oxygen atom to admit of only two possible formula, the com- 
pound C2H6O being cither 

I. CH3-CH2-OH, or II. CIIa-O-CHa. 


Since all the hydrogen atoms in the second formula have the same 
value, it cannot represent an alcohol, as it would not account for a very 
important property of these compounds, their interaction with the 
alkali-metals. The action of silver hydroxide on an alkyl iodide, or 
that of phosphorus chlorides on an alcohol, would accx)rd equally ill 
with this, formula, whereas formula I explains these reactions fully. 
It must therefore be adopted. 
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By this reasoning the constitutional formul® of the alcohols have 
been induced from their properties. Inversely, the ctmetitiUional for- 
mulx represerU all the chemical 'properties of the compounds, being simply 
a short way of expressing them. The value of these formulse is evident, 
the structural formula of a compound, established by the study of some 
of its properties, revealing the rest of these properties. The existence 
of properties thus deduced has been demonstrated in many instances 
by experiment. 


Nomenclature and Isomerism. 

40. The alkanols or alcohols of this homologous series are named after 
the corresponding hydrocarbons by changing the final e of the hydro- 
carbon name to ol; for example, methanol, ethanol, propanol, and so on. 
They were originally named after the alkyi-groups contained in them, 
the corresponding titles being methyl alcohol, ethyl alcohol, and propyl 
alcohol. In the table in this paragraph and in that in 41 the original 


Name. 

Formula. 

Melting. 

point. 

- Boiling, 
point. 

Density 
■ at 20 ° 
(d4*“). 

AlkanoUy CsHsO 

1. PropanoI -1 (Normal pro- 
pyl) 

CHj'CHs^CHjOH 

Vitreous 

97“ 

0-804 

2. Propanol-2 (isoPropyl). . 

CHa-CHOH-CH, 

-85-8° 

82.4*^ 

0-789 

Alkanols f C 4 H 10 O 

1. Butanol - 1 (Normal pri- 
maiy butyl) i 

CIL- CHs- CHs- CHjOir 

-79-6° 

117° 

0-810 

2. Butanoi-2 (Normal soc- 

ondary butyl) 

3. Methyl- 2 -propanol-l 

(woButvl) 

1 

1 CIIa-CHj-CIIOH-CHa 

Vitreous 

100 ° 


(CIl 3 )aCHCHaOH 1 

Vitreous 

107° 

0-806 

4. Trimethylmethanol (Tri- 
methylcarbinol 
Alkanols, C 6 H 12 O 

1. Pentanol-1 (Normal pri- 
mary amyl) 

(ClDsC-OH 

26-6 ® 

83° 

0.786 

CH»-(CH2)3-CH,0H 


0 

00 

CO 

rH 

0.816 

2. Methyl-3-butanol-l {iso- 
Butylcarbinol) 

(CH,) 2 CH. CH*- CH 2 OH 

-134® 

131® 

0-810 

3. Mcthyl-2-butanol-l (Sec- 
ondary butylcarbinol) 

CH,- CHCCsH,)- CH 2 OH 



128° 

___ 

4. Pentanol-2 (Methylpro- 
pylcarbinol) 

CII,- (CH2)2- CHOH • CH, 



119° 


6. Methyl-3-butanol-2 
(M e t h y Iwopropyl- 
carbinol) 

(CH,)2CH-CH0H-CH, 


112 . 6 ® 


6. Pentanol-3 (Diethylcar- 
binol) 

C2H,-CH0H-C2H, 



117® 


7. Mothyl-3-butanol-3 (Di- 
methylethylcarbinol) . 

(CH,)2C(0H)-C2H, 

-■ ■ 

0 

to 

0 



8. Dimethyl-2 : 2-propanol- 1 
(Tertiary butylcarbi- 
nol) 

(CH,),C-CH20H 

— 

112 ° 

— 


* Carhinol is an old name for methanol or methyl alcohol. 
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nomenclature is given in parentheses after the systematic names, the 
word “Alcohol” being omitted. 

Isomeriran may arise in three ways: by branching of the carbon 
chains; by changing the position of the hydroxyl-group; or through 
both these causes simultaneously. The three types are illustrated in 
the following table of the isomeric alcohols C3 to C5. 

The table also indicates the hydroxyl-group in a primary alcohol 
to be joined to a primary carbon atom (36), and that in a secondary or 
a tertiary alcohol to a secondary or a tertiary carbon atom respectively. 
Similarly, any compounds capable of being regarded as produced by 
replacement of hydrogen in union with a primary, secondary, or tertiary 
atom are termed primary, secondary, or tertiary compounds. Primary 
alcohols are represented by the general formula CnH2n+i — CH2OH, 


secondary by 
and tertiary by 


c„H2„+i— cc 1 , 

OH 


CnH2n+l \ 

CpHap+i / 


-OH. 


General Properties of the Alkanols or Alcohols. 


41. Some of the physical properties of the alcohols are given in this 
table, only normal primary compounds being included. 


Name. 


Methanol (Methyl) . . . 

Ethanol (Ethyl) 

Propanol-1 (/t-Propyl). 
Butanol-1 (n-Butyl). . 
Pentanol-1 («-Aniyl) . . 
Hexanol-1 (n-Hcxyl) . . 
Heptanol-1 (rt-Heptyl) 
Octanol-1 (n-Octyl) . . . 
Nonanol-1 (n-Nonyl). 


Formula. 

poiiit. 

J3oiIing- 

point. 

DiflFercnce 
of the 
Boiling- 
points. 

Density, 

(do°). 

CH3OH 

- 97-1“ 

67fc4° 

13-3° 

0-812 

C*H*OH 

-IIMS” 

78° 

18-5° 

1 0-806 

CsHtOH 

-127° 

96-5° 

20 - 2 ° 

0-817 

C4H9OH 

- 79-6° 

116-7° 

20-3° 

0-823 

CsIIuOH 

— 

137° 

20 ° 

0.829 

C«H„OII 

— 

157° 

18° 

0-833 

CtHisOH 

- 36-5° 

175° 

19-5° 

0-836 

CsHijOII 

- 17-9° 

194-5° 

18-5° 

0-839 

C.HibOH 

- 5° 

213° 


0-842 


This table, with that in 40, shows the normal compounds to have 
the highest boiling-points (38). 

The augmentation of the molecule by addition of the CH2-group is 
attended by an almost constant rise in boiling-point, although for the 
first members the rise is somewhat less than for the alcohols higher in 
the series. The association of the alcohol molecules renders Sydney 
Young’s formula inapplicable ( 33 ). 

The existence of this association is proved in many ways: 

( 1 ) The vapour-densities of the alcohols at temperatures slightly above 
their boiling-points are greater than indicated by their formulae. 
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(2) The degree of association can be inferred from measurements of the 
capillarity and viscosity of the liquids. 

(3) There subsists between the boiling-point and the molecular weight 
a relationship of the type 

T \/m 

-7=-l- 1000-5^ = Const, 

Vm 

T being the absolute boiling-point, and M the molecular weight. For 
many compounds the constant has the value 64, but it is much greater for 
associated substances, and increases with the degree of association. 

(4) According to Tkouton’s rule 

^- 21 , 

T 

M being the molecular weight, L the latent heat of evaporation, and T the 
absolute boiling-point of a liquid. For water, the alcohols, and other 
associated liquids, the value of the quotient approximates to 26. 

Various other formulae are available for detecting association, an 
example being that of Jouissen, 

193A/* 


n being the number of atoms in the molecule, M the molecular weight, 
T the boiling-point, and d the density at that temperature. For associated 
liquids T and d are abnormally high, and too low a value is obtained for n. 

None oftheformulaegivcsan accurate measure of the degree of association. 

The lower alcohols (Ci — C4) are mobile liquids, the middle members 
CC5— Cii) are of a more oily nature, whilst the higher members are sohd 
at the ordinary temperature. In thin layers all are colourless. In 
thick layers they arg slightly yellow, the colour becoming more marked 
with increase in the number of carbon atoms. The first members 
(Cl— C3) are miscible in all proportions with water, but the solubility 
of the higher members diminishes quickly as the number of carbon 
atoms increases. 

The smell of the lower members is spirituous, and that of the inter- 
mediate members disagreeable; whilst the solid members are odourless. 
Their density is less than 1. 

Methanol or Methyl Alcohol, CHs'OH. 

42. On the large scale methyl alcohol is obtained by the dry distilla- 
tion of wood in iron retorts at as low a temperature as possible; and 
also by the better method of contact between wood and hot producer- 
gas, a mixture of carbon monoxide and nitrogen obtained by passing 
air over coke at a white heat. The mode of preparation originated 
the name wood-spirit. The products of the distillation are gases, an 
aqueous liquid, and wood-tar. The aqueous solution contains between 
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1 and 2 per cent, of methyl alcohol and a number of other substances, 
the chief being acetic acid (82) {ca. 10 per cent.) and acetone (xzi) 
(ca. 0*5 per cent.). The acetic acid is converted into calcium acetate 
by the action of lime, and the methyl alcohol is purified by fractional 
distillation, and by other methods. 

A new method is the catal3rtic production on the industrial scale of 
methyl alcohol from carbon monoxide and hydrogen: 

C0+2H2 = CH 40 . 

Water-gas can be employed as a substitute for this gas mixture, because 
the proportion of the two gases can be varied within wide limits. This 
synthesis requires a pressure of two hundred atmospheres, and a tem- 
perature between 200“ and 400“ dependent on the catalyst employed. 
Besides methyl alcohol it produces also higher alcohols of this homolo- 
gous series, the use of different catalysts affording a means of increasing 
or diminishing the yield of these higher alcohols. In the synthesis of 
methyl alcohol a mixture of zinc oxide and chromium oxide is employed 
as catalyst. 

On the large scale methyl alcohol is utilized in the preparation of 
coal-tar dyestuffs and of formaldehyde, for the denatwration of spirit to 
render it unpotable (44), ami for other operations. 

Methyl alcohol bums with a pale-blue flame, and is miscible with 
water in all proportions, the mixing being accompanied by contraction 
and the development of heat. It is poisonous. 

Ethanol or Ethyl Alcojiol, C2H5* OH. 

43. Ethyl alcohol, or ordinary alcohol, is produced artificially in 
enormous quantities. Its manufacture depends on a property possessed 
by dextrose (208), a sugar with the fomiula C(iH*20«, of decomposing 
in presence of yeast-cells into carbon dioxide and alcohol: * 

C0H12O6 = 2C2H0O+2CO2. 

On account of its cost, dextrose itself is not employed in the manu- 
facture of alcohol, some substance rich in starch (223), (CcHioOs)!,, 
such as potatoes, grain, or other material, being utilized as a substitute. 
By the action of enzymes (222), the starch is transformed ahuost com- 
pletely into maUose (214), C12H22OU, one molecule of this compound 
being then converted into two molecules of dextrose by the action of 
one molecule of water: 

C12H22O11 -]-H 20 = 20 oHi 2O6. 

Maltose Dextrose 

The enzyme employed in the technical manufacture of maltose 
from starch is named diastase, and is present in malt. The reaction it 
induces is termed saccharification. When potatoes constitute the 
raw material, they are made first into a thin homogeneous pulp by 
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the action of steam under pressure between 140® and 160®, malt being 
added after cooling. At a tempemture between 60® and 62®, the 
decomposition into maltose is completed within twenty minutes. 

Yeast is then added to the maltose solution, and the fermen- 
tation is carried on between 23® and 26®. To separate the resulting 
alcohol from the other substances present, the product is submitted 
to distillation; and by employing & fradionating-column (Fig. 23), 

alcohol of 90 per cent, strength 
can be obtained, although the 
concentration of the alcohol in 
the fermented liquid does not 
exceed 18 per cent. 

The thin liquid residue re- 
maining in the still is termed 
spent wash, and is utilized for 
feeding cattle and for the manu- 
facture of hydrogen cyanide 
( 257 ). Amongst other products 
it contains almost all the pro- 
teins present in the raw ma- 
a terial. 

The crude spirit {low vnnes) 
so prepared is fractionated 
again carefully, alcohol of 96 
per cent, by volume {spirits) 
being obtained. The fractions 
of higher boiling-point consist 
of an oily liquid of unpleasant 
odour, named fusel-oil ( 242 ), and containing chiefly amyl alcohols and 
other homologues. The residue is known as spent lees. 

44 . The alcohol of commerce ("spirits of wine”) always contains 
water. To obtain anhydrous or absolute alcohol from it, lumps of 
quicklime are added to spirit containing a high percentage of alcohol 
until the quicklime shows above the surface of the liquid. The mix- 
ture is left for some days, or boiled for several hours under a reflux- 
condenser ( 17 ), and then is distilled. With this method the loss is 
relatively high. It is reduced to a minimum and the process is facili- 
tated greatly by heating for some hours at 100 ® a spirit of high percent- 
age with a small proportion of quicklime in an autoclave immersed in a 
water-bath. The spirit is then distilled. The preparation of absolute 
alcohol from dilute alcohol involves a preliminary concentration by 
distillation from a water-bath. The dehydration can be effected also 
by addition of solid potassium carbonate, the liquid separating into an 
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aqueous layer below and an alcoholic layer above. Alcohol of 91*5 
per cent, by weight is obtained. 

Absolute alcohol is a mobile colourless liquid of characteristic 
odomr, and bums with a pale-blue non-luminous flame. Cooling with 
liquid air renders it very viscid, and ultimately causes crystallization. 
It is very hygroscopic, being miscible with water in all proportions with 
contraction and rise in temperature. The maximum contraction is 
obtained by mixing 52 volumes of alcohol with 48 volumes of water, 
the volume of the resulting mixture at 20** being 96*3 instead of 100. 

The presence of water in alcohol can be detected by means of 
anhydrous cupric sulphate. When in contact with absolute alcohol, 
the salt remains perfectly colourless; if a trace of water be present, it 
tlevolops a light-blue colour after several hoims. The density, a physi- 
cal constant often employed to ascertain the purity of liquid com- 
pounds, also can be utilized for the same purpose. 

A simple and rapid process for the estimation of alcohol in aqueous 
mixtures is necessary for industrial and fiscal purposes, and a practical 
method, due to von Baumhauer, Mendel^eff, and others, consists 
in the detemiination of the density and temperature of such a mixture. 
A table has been prepared with great accuracy, showing the densities 
of mixtures of alcohol and water from 0 to 100 per cent., at tempera- 
tures between 0° and 30°. Wlien the density and temperature of a 
given mixture have been determined, the i)ercentage of alcohol can be 
found by nrference to the table. In practice the density usually is 
determined with a delicate hydrometei^ 

In commerce and in the arts, the amount of alcohol is expressed 
normally on the Continent of B^urope in vohtme-perjxntage, or the number 
of litres of absolute alcohol contained in 1(H) litres of the aqueous solution. 
In Great Britain the standard is proof-spirit. This name is derived from 
the old method of testing spirit by moistening gunjxjwder with it, and then 
bringing (he mixture into contact with a lighted match. If the alcohol 
were "under proof,” the powder did not take fire, but if there were sufficient 
alcohol present, the application of the light ignited the gunpowder, the 
spirit being then "over proof.” When the proportion of alcohol and water 
was such as to make it just possible to set fire to the powder, the sample 
was described as "proof-spirit.” Spirit weaker than proof-spirit is said to 
be under proof, that stronger than proof-spirit to be over proof; for example, 
a spirit 5“ under proof would contsiin in each 100 volumes the same quantity 
of alcohol as 9.5 volumes of proof-spirit, and a spirit .5“ over proof would 
need 5 volumes of water added to each 100 volumes to convert it into 
proof-spirit. By British Act of Parliament " proof-spirit ” is defined as 
"such a spirit as shall at a temperature of 51® B’. weigh exactly ^of an 
equal measure of distilled water,” corresponding with a spirit containing 
67*1 per cent, of alcohol by volume or 49*3 per cent, by weight. 
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For scientific purposcis the proportion of alcohol is expressed usually in 
percentae^e by wei^lit, or the number of jijrammcs of alcohol (^onlained in 
100 KrainiiK's of <h(^ a(]ueous solution. These percent a jz;e-nuinb(‘rs are not 
klenti(*aK thi' p(a*c(‘nla^»(is by weip:ht bein^ smaller than those by volume for 
a spirit of any <»iven concentration. 

The greater part of the alcohol produced is consumed as beverages, 
any detrimental physiological effects being augmented by the impuri- 
ties, especially by fusel-oil. 


Two classes of alcoholic beverages are recognized, distilled and un- 


distilled liquors. 

Distilled (about 50 per cent of alcohol). 

Undistilled. 

Brandy or cognac^ from wine. 

Whisky, from fermented solution of malt, j 

Rum, from fermented solution of sugar. 

Gin, like wdiisky, but flavoured with 
juniper. 

Beer, from fermented malt and hops (3 to 
6 per cent, of aJcohol). 

Wine, fermented grape-juice (8 to 10 per 
cent, of alcohol). 

^'Fortified'' wines, such as port, sfierry, 
and madeira, 'Fhey are wines with 
added alcohol. (Natural >vine never 
contains more than about 10 per cent, 
of alcohol.) 


Alcohol is utilized in manufacture for the preparation of lacquers, 
varnishes, dyes, important pharmaceutical preparations such as chloro- 
form, chloral, iodoform, and otii.us, and as a motive power for motor- 
vehicles. It is cmjdoyed also for the pi*ost‘rvation of anatomical 
specimens. It is a good sol\<‘rit for many organic compounds, and for 
this purpose finds wide a])plication in laboratory-work. 

Certain industrial oj>crations require the use of absolute alcohol instead 
of the alcohol of 90 j)er cent, strength obtained by the ordinary mode of 
distillation. On the large? scale aqiit^ous alcohol can be rendered absolute 
by distilling a mixture of it with benzene, the method depending on a 
peculiar property of the system benzene— alcohol— water. These substances 
yic?ld a ternary mixture with a minimum boiling-point of 04 -9°, this mix- 
ture containing 7-4 parts of water, 18*5 parts of alcohol, and 74-1 parts 
of benzene. The system alcohol — benzene has the minimum boiling-point 
68*2°, the mixture consisting of 32*4 parts of alcohol and 67 *6 parts of 
benzene. On distilling through a fractionating-colurnn aqueous alcohol 
containing a sufficient proportion of benzene, the ternary mixture boiling 
at 64-9° passes over, this product distilling until all the water has been 
eliminated from the liquid. The binary mixture of boiling-point 68-2® 
then volatilizes, tlu; ultimate residue in the still consisting of absolute 
alcohol. It is drawn off, and the recovered benzene is employed for a 
repetition of the process. 
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On account of the extensive application of alcohol to manufacturing 
processes, some industries would ho paralysed if the nec(‘ssary spirit 
wore subject to th(i same oxcise-<luty as alcohol int(md(^d for consump- 
tion. Accoi’dingly in some countries the alcohol employt'd in manu- 
facture is made unfit for drinking {denatured or methylated) by the 
addition of materials imparting to it a nauseous taste, and is sold 
duty-free. On the Continent r)f Europe crude wood-spirit is utilized 
for this purpose, and in Great Britain this adulterant is supplemented 
by the addition of a small proportion of naphtha and other substances. 
The sale of denatured alcohol is pennitted also in the United States. 

A test for ethyl alcohol is the formation of iodoform on the addition 
of iodine and potassium hydroxide ( 146 ). 

Propanols or Propyl Alcohols, CsHr-OH. 

45 . Two propyl alcohols are known, one boiling at 97° and having 
the density 0-804, the other boiling at 82-4° and having the density 
0*789. In accordance with the principles stated, only two isomcridcs 
are possible: 

CITs • CH2 • C:H 20 H, and CH3 • CTI(OH) - CH3. 

Normal propyl alcohol 7.>?oPropyl alcohol 

The structure to be assigned to the substance with the higher boiling- 
point and that to the substance with the lower can be determined by 
submitting the substances to oxidation. From each of tlu«c alcohols 
a compound with the formula CaHtiO is obtained, but these o.xidation- 
products are not identical. On further bxidation, the compound (’alloO 
(propionaldehyde), produced from the alcohol of higher boiling-point, 
yu'lds an acid CalldOa, termed proj)ionic acid; wj^iereas the substance 
(■aHcO (acetone), fornaul from the alcohol of lower boiling-point, is , 
converted into cjirbon dioxide and aceiic acid, C 2 rTi 02 : 

Cal'IsO (propanoI- 1 , b.p. 97°) — > ( 3 H 0 O (propanal) 

— >( sHc.Oa (propionic acid); 

CaHgO (propanol- 2 , b.p. 82-4°) — > (’aHc.O (acetone) — > 

—* CO2+C2H4O2 (acetic acid). 

Propionic acid has the constitution CHa-CIIa-GOOH, and acetone 
CHa-CO-CHa, as will b<^ proved subsequently. Only the normal 
alcohol is capable of forming propionic acid, the production of this 
substance Ixiing due to the; replacement of two hydrogen atoms by one 
o.xygen atom, and with the normal alcohol this exchange can yield only 
a compound with the structure assigned to propionic acid. On the 
other hand, the formation of a derivative with the constitution of 
acetone by removal of two hydrogen atoms from a compound CaHgO 
is possible only for a substance with the structure of isopropyl alcohol. 
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The alcohol of higher boiling-point must therefore be n-propyl alcohol, 
and that boiling at the lower temperature must be isopropyl alcohol. 

Oxidation affords a general method for distinguishing primary 
alcohols from secondary alcohols. By referring to the formula} given 
in 40 , all primary alcohols are seen to contain the group — CH 2 OH, 

convertible by oxidation into the carboxyl-group — C\ , the char- 

X)H 

acteristic group of organic acids. All secondary alcohols contain the 
group H-C^OII, and removal of the two hydrogen atoms from this 

' I 

complex yields the group C: 0 , characteristic of the keUmes (no), the 

homologucs of acetone. The oxidation of a 'primary alcohol and that of a 
secondary alcohol produce respectively an acid and a ketone with the same 
number of carbon atoms as the original alcohoL 

A further induction may bo made from these reactions. In the 
conversion of normal propyl alcohol into propionic acid, as wedl as of 
isopropyl alcohol into acetone, the oxidation occurs at tht^ carbon atom 
already attached to oxygen. This rule is general, and can bc'. stated as 
follows: when an organic compound is submitted to oxidation, the mole-- 
cule is attacked at the part already containing oxygen — that is, where 
oxidation has begun already. 

15onna\ propyl alcohol is obtained by fractionation of fusel-oil, and 
is a colourless liquid of agreeable odour. Tt is misciblc' with wat<'r in all 
proportions. isoPropyl alcohol is also a liciuid, aiul is not present in 
fusel-oil, but can be pn^parcMl l;y Ihf; reduction of acetone (ill and 150 ). 

Butanols or Butyl Alcohols, C4H9 • OH. 

46 . Four huiyl alcohols are known {cf. Tabic, 40 ), the nuiTibcr 
possible according to theory, and it is necc‘s.sary to consider whether 
the theoretically possible formula} are in accord with the properties of 
the four isomerides. On oxidation, the two alcohols boiling at 117° 
and 107° respectively yield acids with th(} same number of carbon 
atoms. They must therefore have the structures 1 and 3 (Ibid.), 
since each contains the group — CH 2 OH. For n^asons mentioned 
subsequently, the alcohol boiling at 117° is considered to have the 
normal structure ( 1 ), and that boiling at 107° the structure ( 3 ). A 
third butyl alcohol, boding at 100 °, is converted by oxidation into a 
ketone with the same number of carbon atoms, proving it to be a 
secondary alcohol corresponding with structure ( 2 ). Lastly^ for the 
fourth, a solid at the ordinary temperature, melting at 25- 5 ° and boiling 
at 83°, there remains only the fourth structure, that of a tertiary 



§47] 


PENTANOLS OR AMYL ALCOHOLS, C,Hu-OH 


57 


alcohol, three of the theoretically possible structural formulae having 
been assigned to the other isomeridcs. This constitution, indicated by 
a process of elimination for the alcohol melting at 25-5°, accords with 
its chemical behaviour. On oxidation, for example, it yields neither 
an acid nor a ketone with four carbon atoms, but undergoes immediate 
decf)mposition into substances with a smaller number of carbon atoms 
in the molecule. Sinee to yield by oxidation an acid with the same 
numbwir of carbon atoms in the molecule, an alcohol must contain the 
group — CH2OII, and to produce a ketone with the same number of 

I 

carbon atoms in the molecule, it must contain the group H-C-OH, 

obviously neither of these typos can be obtained from a tertiary alcohol. If 
the oxidation follow the general rule, and occur at the carbon atom already 
in union with oxygen, it must cause the tlecomposition of the molecule. 

The K^asoning holds for tertiary alcohols in general, oxidation afiford- 
ing a means of distinguishing lx;tween primary, secondary, and tertiary 
alcohols. The (!xp(nimental proof can be summed up as follows: 

On oxidation a primai'y aU'ohol yields an acid with the same number of 
carbon atoms in the molecuh; a secondary alcohol yields a ketone with the 
same number of carbon atoms in the molecule; but a tertiary alcohol under- 
goes immediate decomposition into compounds with a smaller nurrdyer of 
carbon atoms in the molecule. 

There are otlier niethod.s available for distinguishing between primary, 
secondary, and tc'rtiary al<!ohols, one of tin* simplest being based on the 
dficoinposition of the alcohols by heat. The primary compounds are 
stable up to the hanperature of 3(50°, the boiling-i)oint of mercury; but 
tlio swondary derivatives are decomposed. The secondary alcohols can 
withstand the tcmi)erature of 218°, the bf)iling-point of naphtlmlene, , 
whilst the tertiary alcohols undergo decomiwsition. To decide whether a 
I>articular alcohol is jjrimary, scicoiidary, or tertiary, it is only necessary to 
determine its vaisjur-density by means of Vicix)k Mbyek’s apparatus at the 
two temperatures cited, the normal or abnormal nature of the results at the 
two temperatures indicating the ty}X5 of alcohol under investigation. 

Normal butyl alcohol is manufactured now from starch and other 
carbohydrates by yeasting under the influence of Bacillus amylobacter. 

Pentanols or Amyl Alcohols, CsHn^OH. 

47. The alcohols with five carbon atoms in the molecule are termed 
amyl alcohols. Eight isomeridcs are possible, and all are known (<f. Table, 
40). They arc liquids with a disagreeable odour like that of fusel-oil. iso- 
Butylcarbinol, (CH3)2CH *0112 *0112011, and secondary butylcarbinol, 
CHs *011(0211 ■5) *0112011, are the principal constituents of that oil (43). 

Secondary butylcarbinol furnishes a very remarkable example of 
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isomerism. In 34 the arrangement of the atoms in the molecule is 
proved to account for the phenomenon of isomerism. A careful study 
of the properties of a compound makes it feasible to assign to it a 
structural formula, to the exclusion of all the other fonnula! possible 
for its known molecular composition. On the other hand, any giv<'n 
sti’uctural formula ropr(‘sents only one compound, such a formula being 
the exj)rcssion of a very definite set of properties. The imssc'ssion of 
dissimilar characteristics by two compounds must find expression in 
their si ructural formuhe. 

Nevertheless, tht*r(^ are three isomeric amyl alcohols, proved by 
careful examination to huv'e the same structural fonnula: 


CTI3 

C2H5 


>C< 


Tl 

(’H2OII. 


This constitution is established through their conversion by oxidation 
into valeric acid with tlie structure 


CHs 

C2II5 


>C< 


IT 

(X)()H, 


as can be proved readily by synthesis (164). 

The three amyl alcohols with this constitution have identical 
chenuttal properties. N(;arly all their physic-al constants are the sanu', 
but one of them sc‘rves to distinguish the substances from one another. 
When a beam of plane-polarized light is fiassetl through layers of these 
alcohols, the plane of polarization is I’otated by one isomeritle to the 
left, and by another to the I'ight, whilst the third alcohol does not pro- 
duce any rotation, 'fhe first two are said to be optically active (26, 2). 

Since the dilfcrcnce between optically a(;tive compounds depends 
only on a physical property, their chemical propc^^ti(^s being identical, 
it may be asked whether this difference is not purely physical, and due 
to differences in the arrangement of the molecules such as are supposed 
to exist in dimorphous substunc<*s. The objection to this view is 
twofold. 

First, differences in the arrangement of the molecules can be supposed 
to exist only with solids, because only their molecules have a fixed 
position relative to one another. The mokicules of liquids and gases 
are assumed to be free to move; but they also afford examples of optical 
activity. For liquids there is still the possibility of freedom of movt^■ 
ment being characteristic, not of the molecules themselves, but of 
conglomerations of them arranged in a definite manner. If this phe- 
nomenon were the cause of optical activity, on conversion into gases of 
normal vapour-density, optically active licjuids should produce no 
rotation in the plane of polarization. Their power of producing such 
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rotation was demonstrated by Biot, and later by Gebnez. The 
phenomenon cannot be attributed to a difference in the arrangement of 
the molecules, because in a vapour of normal density each molecule is 
capable; of indep(;ndcnt motion. 

Second, the optical activity is displayed in derivatives of optically 
active substances. 

Hence it follows that an cxj)lanatu)n of the rotation of the plane of 
polarization by liquids and dissolved substances must be sought in the 
internal struelure of the molecules, 

48. Pasteur regarded optically active molecules as having an 
asymmetric structure, two conligurations being possible. These forms 
are mirror-images, but cannot be suiK'rimposed, their relationship 
resembling that of a riglitz-handed and a left-handed glove. One of the 
configurations must belong to the dextrorotatory isomeride, and the 
other to the hnvorotatory niotlific;ation. 

VAN 't IIofk impaj’ted a more concrete form to this conception b^" 
his discovery of the presemee in most optically active compounds of at 
least one carbon atom uniteil with four dissimilar atoms or groups. 
He designated such a carbon atom an asipnmetric carbon atom. 

Wlien two of the groups aitathed to such an atom become similar, 
the asymmetry vanishes, and with it the oj^tical activity of tin; tioin- 
pound. Consuleration of an example will facilitate the compmhqnsion 
of this phenomenon. 


The Imvorotdtory amyl alcohol, Avith the const itution 




is converted by (he action of gaseous hydrogen iodhlo in(o amyl iodide, * 
with the structural forniula 


(JH 

C«H 


=>C< 


II 

CIIJ. 


This compound is optically active. By incaiis of nascent hydn)gcn the 
iodine atom is replaced l)y hydrogen, witli formation of pentane. 


CH, 

Cdl, 


>C< 


II 

CH3. 


This compound is optically inactive. 

If amyl iodide be subjected to the action of ethyl iodide in the presence 
of sodium, a heptane. 


CII, 

C.H. 


>C< 


H 

CIB-C»H., 


is produced, and this substance is optically active. 
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An examination of these three optically active substances shows them 
to differ from optically inactive jKiutane in having four dissimilar groups 
attached to the central carbon atom, whereas in the inactive pentane 
two (methyl) are similar. 

Pasteur's molecular asymmetry of carbon compounds with an asym- 
metric carbon atom is explained by the following considerations. 

The quadrivalcncy of the carbon atf)m has its origin in four points 
of attraction situated on its outer surface, it being ablti to unite with 
atoms or groups of atoms in four directions. The only supposition 
about thesci directions in agreement with the facts postulat(;s the carbon 
atom to be at the centre of a regtdar four-sided figure (tetrahedron) with its 
valencies directed Unoard the angles (Fig. 24). On putting the groups 
R, P, and Q of compounds CR 2 Q 2 , CR 2 PQ or CR 3 P in different posi- 
tions in two atom models,* by rotating the njodels it is possible always 
to superimpose the like groups, showing the two forms to l)C identical. 

Such compounds do not exhibit optical isomerism. 

For compoimds C-RPQS, containing four diff(?r- 
ent groups and therefore an asymmcftric carbon 
atom, the possibility of the existence of two isomeric 
forms is indicated. It is seen from Figs. 25 and 26 
(and still better from models) that for these four 
groups two arrangements which cannot Ix) super- 
imposed in any pc)sition are possible, although they 
resemble one another as an object restunbles its reflection in a mirror. 
Such a figure has no plane of symmetry, hence the name “Asymmetric 
carbon atom.’’ 

These considerations explain why one isomeride causes as much dex- 
■ trorotation as the other la;vorotation, for the arrangememt of the groups 
relative to the asymmetric carbon atom must 'be the cause of the rotation 
of the plane of polariKatiun. If the arrangement of the groups in Fig. 25 
produce dextrorotation, then the inverse arrangement in the isomeride 
in Fig. 26 must cause an ef}ual rotation, but in the opposite direction. 

As mentioned previously, with one asymmetric carbon atom in the 
molecule three, and not merely two, isomerid(<s are possible, a dt'xtro- 
rotatory, a laevorotatory, and an optically inactive isomeride. The 

• The comprehension of this subject will be facilitated considerably by the 
construction of several models of carbon atoms with their valencies. A sphere to 
represent the carbon atom is cut from a cork, the valencies being indicated by 
moderately thick wires about ten centimetres long, with ends filed to a point. These 
are fixed in the cork sphere in the manner shown in Fig. 24. To demonstrate the 
union of the atoms or groups of atoms, cork spheres of different colours arc fastened 
to the ends of the wires, the different colours indicating dissimilar groups. 



Fio. 24. — Carbon 
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optically inactive substance has been proved to consist of equal parts 
of the dextrorotatory and of the lajvorotatory tJoinpound. Since the 
rotations anj equal in amount, but different in direction, their sum has 
no effect on the plane of polarization. 

This isomerism in spacu? is b‘rmod steieochemical itionterism- or stereo- 
isatnerifim. It is not indicated in the ordinaiy stnuitural formulae 
written in one fdam^, h(‘nc(> the appanmt contradiction of a single 
stnictural formula rein-esenting two different coiui)ounds. The out- 



I'Ki. 25. Fio. 2(5. 
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lira; of van ''J’ Hoff’s theory given here shows it to support the 
fundamental principle of all isomerism having its origin in a difference 
in’ the arrangement of the atoms in the molecule. 

The nssearches of BKAciCi on (he structure of the dijunond have furnished 
a striking c(»nfirmation of the accunvey of tlie foregoing deductions as to 
the diretdions of the? valencies of the carbon atom. The diffraction phe- 
nonuiti.a exhibited by Hd.v'itjEN rays oh passage througli (irystals afford a 
means of tleterniining (lie arrangement of (he atoms in crystal molecules 
(“Inorganic (Mieniistry,” 213). The method has proved the diamond to 
be constiucted of regular tetrahwlra, each hav ing* a carbon atom at its 
centre and a carbon a(om at each of its four angles. 

Higher Alkanols or Alcohols, Cnll2n 1 1 - Oil. 

49. ‘'I'hc properties of the higher alcohols are mentioned in 41. Here 
may bo cited cetyl alcohol, (’lolIaa-OH, obtained from spermaceti, 
and myricyl alcohol, (holloi "OH, pnxluced from wax. The number of 
isomerides of these highei' compounds jiossible is very great, W'hilst the 
number actually known is small. Of the higher members of the st;ries, 
only the normal primary conqKmnds are known. 

Alkanolates or Alkoxides. 

50. Alkoxides (alcoholates) are compounds obtained from alcohols 
by exchange of the hydroxyl-hydregen atom for metals (39). The 
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most typical examples are sodium methoxide (methylate), CHa^ONa, 
and sodium ethoxide (ethylate), CaHs'ONa. Each is a white powder, 
and each yields a crystalline compound with the cori-esponding alcohol. 
They dissolve readily in the alcohols, and, as will bo seen later, are 
employed extensively in synthesis. Formerly the addition of water tx) 
a solution of an alkoxido was assumed to convert it completely into an 
alkali-metal hydroxide, liberating an equivalent quantity of alcohol; 
but IjOBRY dk Brtxyn dcnionstratcd the partial truth of this assump- 
tion, and the attainment of an equilibrium in the reaction; 

C 2 lT 50 Na+Tl 20 CgTTsOH+NaOH. 

A proof of this interpretation is given in 55. It follows that a solution 
of sodium hydroxide in alcohol is decomposed partially into water anti 
sodium alkoxidc. 

The alcoholic solution of sodium ethoxide is obiained usually by dis- 
solving pieces of sodium in absolute ethyl ul<!t)hol. In consequence of 
oxidation to aldehyde ( 106 ), it becomes brown gradually. On the other 
hand, the solutioti of sodium methoxide? in methyl alcohol remains 
unaltered, and therefore finds wider application iii synthesis than that ’of 
sodium ethoxide. 

Only the alkali-metals react directly with alcohols to produce alkoxides. 
The eorresjjonding d(>rivatives of other metals can be prepared by the 
interaction of sejlutious in lieiuid ammonia of a potassium alkoxidc and a 
salt, an example* b(?ing the preCiintation of barium ethoxide by the action 
of potassium ethoxide on barium nitrate: 

2C,II ..OK -fBaf XO,l . = (C.H/)) 3a+ 2KNO,, 

The alkoxide.-) e>f e?alcium, stremtium, and leevd have be?e'n prepared similarly. 



HALOGEN-ALKANES OR ALKYL HALIDES, ESTERS, 

AND ETHERS. 


51, In inorganic chemistry many compounds containing a hydroxyl- 
group arc known. They are ternuid bases, and display a closci similarity 
in properties, attributable to their eximmon possession of the hydroxyl- 
group ])rescnt in their acjueous solutions as an ion. 

An aqueous solution of alcohol dot's not conduct an electric current 
the alcohol not Ixiing ionized. This view is supported by the fact that 
such a solution is not alkaline, and themfore lacks hydroxyl-ions. 
Nevertheless the alcohols jmssess a basic character, for they resemble 
bases in combining with acids with elimination of water: 


Ester 

The substances formed are comparable with the salts of inorganic 
chemistry, and arc termed corn-pound ethers or esters, Tlie difference 
betwe'tm thti nature of bases and that of alcohols is displayed in th(^ 
mode of formation of salts, a process (luitc unlike that employed in the 
production of esters. A salt is formed from an acid and base instan- 
taneously, the reaction being between the ions, because the hydrogen 
ion of the acid unites with the hydroxyl-ion of the base (“Inorganic 
Chemistry,” 66) ; 

[B+OH']4 lH+Z'] = [B4-Z'i-hH20. 

Base Acid Salt 

In contrast with this process the formation of esters is very slow, 
especially at the ordinary temperature, the reaction being between the 
non-ionized alc<'hol and the acid: 

R.OH+lII-hZ'] = R.Z-I-H 2 O. 

Alcohol Acid Ester 

Normally reactions between ions are instantaneous, those between 
molecules slow. 

Many bases can lose water, with formation of anhydrides or oxides, 
and alcohols behave similarly. By the abstraction of one molecule of 
water from two molecules of an alcohol, compounds termed ethers with 
the general formula CnH2n+i — — Ciill2n+i are formed. By climi- 
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nation of water from two different alcohols, compounds named mixed 
ethers with tlu; general formula 


arc produced. 


CuH2iiI I O CmH2mfl 


Halogen-alkanes or Alkyl Halides. 


52 . The alhyl halides can regard('d as tlu? hydrogcm-halide esters 
of the alcohols, a view in accord with their formation from an alcohol 
and a hydrogen halide: 

C’nHouM |()H+Hj X = (^„H 2 „i 1 X+H 2 O. 


In preparing alkyl halides by this method, the alcohol is saturated 
first with the dry hydrogen halide, and heat<‘d then in a sealed tube or 
under a reflux-condenser. The reaction may bo induced also by heating 
the alcohol with sulphuric acid and sodium or potassium halide : 


Ci-HsOH-f-HoSO I -f KBr == C 2 Hr,Br+iaiSO.i+H 2 (). 


Another method of formation for alkyl halides is mentioned in 39 . 
It is considered more fully here. 

Action of Phosphorus flalides on Alcohols . — Sometimes these sub- 
stances react very energtitically. In preparing alkyl bromidcis and 
iodides, it is usual to employ phosphorus with bromine or iodine instead 
of the bromide or iodide of phosphorus itself. For example, in the 
preparation of ethyl brornule, n*d phosphorus is added to strong alcohol, 
in which it is insoluble. Bromine is added then drop by drop, th<; 
temperature of the liquid being kept from- rising by a cooling agent. 
Fach drop of bromine unib's with phosphorus to form phosphorus tri- 
bromide, and it reacts with the alcohol, producing {ithyl bromide: 


PBra -fSCallsOH = PO3H3 -f 3C2H5Br. 


The careful addition of bromine is continued until a quantity cor- 
responding with that required by the equation has been introduced. 
The mixture is kept for a time, so as to render the reaction as complete 
as possible, the final product consisting chiefly of phosphorous acid and 
ethyl bromide. Since the ester boils at 38-4°, and the acid is not vola- 
tile, it is possible to separate them by distillation, effected by immersing 
the flask containing the mixture in a water-bath heated above the 
temperature mentioned. 
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S3* The following table gives some of the physical properties of the 
alkyl halides : 


Alkyl- 

grouiJ. 

Name. 

( -liloride. 

Bromide. 

Iodide. 

Hoilinp- 

])oint. 

Density. 

Boiling- 

point. 

Density. 

Boiling- 

point. 

Den6sity. 

CHs 

Methyl 

— 1 

o*or)2(o°) 

4*5° 

1*732(0°) 

45° 

2.293(18°) 

(-2116 

Kthyl 

12*2° 

0-018(8°) 


1*4(58(1:1°) 

72. 

1.044(14°) 

CjII 7 

;i-Prf)pyl 

46*5° 

0-012(0°) 

71° 

1*383(0°) . 

102.5° 

1.786(0°) 

(MU 

/i-Prim. l^utyl 

78° 

0-007(0°) 

101° 

1 .305(0°) 

1:10° 

1.(543(0°) 

(Mill 

?A'Prirn. amyl 

107° 

0-tK)l (0°) 

120° 

1.240(0°) 

1.50° 

1.543(0°) 


Only the lower chlorides and methyl bromide are gaseous at the 
ordinary (^mpcrature, most of the otlu^rs being liciuids, and the highest 
members solids. The mcIting-f)oints of some; of these cjoinpounds have 
been determined accurately: 


Alkyl-group. 

Name. 

C 'hloride. 

Bromide. 

Iodide. 

(^ii., 

Methyl 

103.(5° 

- 9(».S° 

- OG-r 

CVL. 

lOthyl 

-140.8.5° 

-119.0° 

-110.0“ 

Call, 

?/- Propyl 

! -122.5" 

109.85° 

-- 101.4° 


The densities of all the chlorides are loss than 1 , and diminish as the 
number of carbon atoms increases. The densities of the lower bromides 
ami iodides are considcuably gr(>ater than 1, although they also diminish 
with increase in the numlxu- of carbon atoms, the highest members of 
the homologous seri('s being si)ecificallv lighter than water. All are 
very slightly soluble in water, but dissolve leadfly in many organic 
solvents. l"hc lower nienibci-s have a pleasant ethereal odour. 

Chemical Propertiea . — In their action upon silver nitrate the alkyl 
halides differ very much from the halides of the metals. In aqueous or 
alcoholic solution the metallic halides yield at once a precipitate of 
silver halide, the i'<;action being (juantitative. On the other hand, 
silver nitrate either does not pn'cipitjite silver halide from a solution of 
the alkyl halides, or the maction is slow. The explanation is the same 
as that given in $ 1 , a(5tions of the fimt tyire being ionic, and those of 
the second type molecular. It follows that there are either no halogen 
ions present in an alkyl-haluk; solution, or at least that theu number is 
very small. 

The alkyl halides can be converted into one another, a process 
exemplified by the formation of alkyl iodides through heating the corre-* 
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sponding chlorides with potassium or calcium iodide. These I'eactious 
often are incomplete. 

The alkyl iodides are employed chiefly for introducing alkyl-groups 
into organic compounds. 

Alkyl fluorides are known also, and arc more volatile than the corre- 
spondiiifr chlorides. They are obtained by the action of silver fluoride on 
alkyl iodides, and in other ways. 


Esters of Other Mineral Acids. 

54. Esters of a great number of mineral acids are known. The 
general methods for their preparation are as follows: 

1. By the action of the acid on the absolute alcohol: 

C2H5 . |()H+H| .ONO2 = H20-hC2lTi-, .ONO2. 

Ah'ohol xNitrif acid lOlltyl nitrate 

2 . By the action of an alkyl hali<le on a silv(;r salt: 

SO4 fAg2+2l] C2TT5 = S04(C2H.-.)2+ 2AgT. 

Kthyl Hut)>hate 

3 . By the action of mineral-acid chlorides on alcohols or alkoxidcs: 

PO |(’.l3+3Na| OC 2 II .5 = P()(0( '2lI.".)3+3NaCl. 


Ph<).spiioru.s 

oxychloride 


Normal c‘tli>l 
pho.sphate 


The acid esters of sulphuric acid are termed alkylsulphuric acids, and 
are of some importanc<!. EthyUulphuric acid, or ethyl hydrogen sulphate, 
C2H50»S02*01I, is obtained by mixing alcohol with concentrated 
sulphuric acid. The formation of this compound is never quantitative, 
because the reaction attains an equilibrium (93). The alkylsulphuric; 
acids arc separated from the excess of sulpluiric acid by means of their 
barium (or strontium or calcium) salts, these compounds being readily 
soluble in water, whilst the sulphates are wholly or almost insoluble. 
It is necessary only to neutralize the mixture of sulphuric acid and 
alkylsulphuric acid with barium carbonate, the product being a solution 

of barium ethylsulphate, The free ethylsulphuric acid is 

obtained by the addition of the calculated quantity of sulphuric acid to 
this solution. At the ordinary temperature it is an odourless, oily, 
strongly acidic liquid, miscible with water in all proportions. The 
aqueous solution decomposes into sulphuric acid and alcohol, slowly 
at the laboratory temperature, but quickly at the boiling-point. 


• ba = lKa. 
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Ethylsulphuric aci<i forms woll-crystallized sjilts. Its potassium 
salt is employed in the preparation of ethyl compounds, an example 
being the ready formation of ethyl bromide thiough the dry distillation 
of a mixture of potassixun bromide and potassium ethylsulphatc: 


KO .SO2 -O . C2ir6+Br K = KO .SO2 .OK+C2H6Br. 


Pot assi 11111 othyl- 
sulphute 


Potassium 

sulphate 


Kthyl 

broiiiiric 


When free ethylsulphuric acid is heated, the neutral ethyl ester of 
sulphuric acid and free sulphuric acid are formed: 


S02< 


OC2H5 

OH 


+ S 02 < 


OH 

OC2H5 


= S02<q2-HS02< 


OC2H5 

OC 2 H 6 * 


Simultaneously, free sulphuric acid and ethylene are produced (iis): 


SO,< 




OH 


= S02<”y+C.H4. 


The conversion of ethylsulphuric acid into ether is described in 56. 

})itiiclhj/l fiiilphatc, (CllalaSOi, is obtained by the vacuum-distillation of 
methylsulphuric acid : 

2CHsHSO, = (CHs)2S04-l-HaS04. 

Tt is an oily, very poisonous litiuid, boilirifi at IKS®, and often is employed 
in the introduction of nu'thyl-sroups into organic eomiK)unds. 


Ethers. 

55. The ethers are isomeric with the alcohols. Their constitution is 
proved by Williamson’s synthesis, the action of an alkoxide on an 
alkyl halide: 


CnIl2nfl-0. Na+I 


• Cml'bm hi — C/nH2n +-1 *0 *00111210+1 "1” Hal. 


This synthesis affords confirmation of the view indicated in 39 as to 
the constitution of the alkoxides, the metal occupying the place of the 
alcoholic hydroxyl-hydrogen. The alternative possibility would lie for 
the metal to have rciplaced a hydrogen atom in direct union with carbon, 
sodium methoxide having the fonnula Na*CH 2 *OH. With ethyl 
iodide a compound of this type would yield propyl alcohol: 


C 2 H 6 . |l+Na| .0112011 = r2lTfi.CTT20H-f Nal. 
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This reaction does not take i)Iacc. Methylethyl ether, with the 
empirical formula of an alcohol but none of its j)ropcrtics, is i)roduced 
instead. 


Williamson’s synth(!sis is jKissible also with a solution of the alkoxide 
in dilute alcohol (50 per cent.). Despite the presence of such a large 
pro|)ortion of water, the n'action is almost quantitative. It follows that 
the greater part of the substance must persist as sodium alkoxide, and not 
1)0 decomposed by the water into alcohol and sodium hydroxide ( 50 ), 
since such decomposition would inliibit the formation of the other. 

56 . The best-known compound of the homologous series of others is 
diethyl ether, ('laHn-O * 021 ^ 5 , usually termed “ether.” This compound 
is manufactured, and pi'ei)ared in the laboratory also, from sulphuric 
acid and ethyl alcohol. For this purpose five parts of alcohol (90 per 
cent.) ai’e hcateii with nine parts of concentrated sulphuric acitl at a 
temperature lietween 130° and 140°. Wlicn ether and water begin to 
distil, alcohol is allowed to flow into the distillation-flask to keep the 
volume of liquid constant. Kthcr passes over c:ontinuously’, but after 
about six times the initial volume of the alcohol in the acidic mixture 
has been added the proportion of alcohol in the distillate increases, and 
finally the formation of ether stops. Methylated spirit can be substi- 
tuted for pure spirit, the product bi'ing designated “methylated ether.” 
The mechanism of the production of ether involves the initial 

formation of cthylsulphuric acid ( 54 ) from the alcohol and sulphuric 
acid. Mthylsulphuric acid can* be decomposed by heating with water, 
sulphuric acid and the alcohol b(‘ing regenerated : 

C2H5.' (()S('U 4 +H [OTT-r-JIa-OH+HaSCh. 

When ethyl alcohol instead of water reacts with ethylsulphuric acid, 
ether and sulphuric aiiid are formed in an exactly analogous manner: 

.O.C2H5 = 02115 •O.C2H5+H2SO4. 

The production of ether depends on the formation of ethylsulphuric 
acid, and the subsequent decomposition of this compound into ethyl 
ether and sulphuric acid by the addition of more alcohol. Since in this 
reaction the sulphuric acid is regenerated, it yields a fresh quantity of 
ethylsulphuric acid, the process being continuous. Theoretically a 
small quantity of sulphuric acid could convert an unlimited amount of 
alcohol into ether, but in practice such eflBciency is not attained. The 
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explanation lies in the generation of water as a by-product in the forma- 
tion of ethylsulphuric acid from alcohol and sulphuric acid; 


C2H6. [OII+II I SO4H = C2H6 .SO4H+H2O. 


A part of this water distils along with the ether, but a part remains in the 
flask, and decomposes into alcohol and sulphuric acid the ethylsulphuric 
acid formed. When the proportion of water in the reaction-mixture 
exceeds a certain limit, it inhibits the formation of ethylsulphuric acid, 
and thus stops the production of ether. 

When an alcohol other than ethyl alcohol is added to the original 
mixture shortly before distillation begins, a mixed ether is obtained : 


C2H5. SO4H+H 


. 0 . C5H11 = C2H6 • O . CsIIl l + 1 12^04 . 


Tliis reaction proves the formation of ether to take place in the two 
stages indicated. 

Sendbrens found that addition to the licjuid of 5 per cent, of its 
weight of sulphate of either aluminium or lead induces the rea<ly forma- 
tion of ether at 120®. 


The crude ether obtained by thi.^* inetho<l contains water, alcohol, and 
a small proportion of sulphur dioxide. It is left in contact with (]uicktiinc 
for several days, the water, sulphur dioxide, and part of the alcohol being 
thus removed. Subseo.uently it is distilled from a water-bath heated to 
about .55“. To remove the small proportion of alcohol remaining, it is 
extracted f-evcral times Avith small volumes of water, and the water is 

removed. The ether is separated from dissolved ,ivater by disiiilation, 

first over calcium chloride and finally over sodium. 

lEitbyV ether aVao vs tovme«\ by passing. a\coho\-vapo\\T over aVwm dehy- 
drated at 195“ . Its homologues also can be prepared by this method, 
although they are not produced by heating the corresponding alcohols 
with sulphuric acid, only un.saturated hydrocarbons of the series (’nlhn 
being formed. Catalysis by alum of a mixture of alcohols affords a ineaiis 
of preparing mixed ethers. 

Good yields of many simple and mixed ethers are obtained by the 
interaction of alkyl halides and alkoxidcs ( 112 ). 

Diethyl ether is a colourless, very mobile liquid of agreeable odour. 
It boils at 35 *4®, and solidifies at — 117*0®. Prolonged breathing of it 
produces unconsciousness, followed by only slightly disagreeable after- 
effects. Ether therefore is employed in surgery as an anajsthctic. It 
is slightly soluble in water, one volume dissolving in 11*1 volumes of 
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water at 25 **; water also dissolves slightly in ether (2 per cent, by 
volume at 12“). On account of its low boiling-point, ether is veiy 
volatile, and as its vapour is highly combustible and with air produces 
an explosive mixture, it is a substance requiring very careful handling. 
It bums with a luminous flame. Intense cold is produced by its evapora- 
tion, the outside of a flask containing it becoming coated with ice on 
promoting the evaporation of the ether by a rapid stream of air. 

It is relatively diflicult to induce reaction between ethers and chemi- 
cal reagents. At ordinary temperatures they are unaffected by dilute 
acids, by alkalis, and by phosphorus pentachloride, and sodimn does 
not eliminate hydrogen from them. When heated with hydrogen hal- 
ides they do yield halogen derivatives. Gaseous hydrogm iodide can 
convert an ether at the ordinary temperature into the corresponding 
alcohol and alkyl iodide: 


C„H2n+ i|OC„H 2„+1+H1I = CaH2„+ iI + C„H 2 m+ lOII. 


Under the influence of heat the products are water and an alkyl iodide: 
CnH2n+ 1 |o [ Ginll2m+ 1 ~f~ 2H I — CnIl2n+lI”t'CniH2in+lI'4"Il20. 


In the laboratory, ether is an invaluable solvent and crystallizing- 
medium for many compounds, and is utilized for extracting aqueous 
solutions (23). It is also of great service in many manufacturing 
processes. 



COMPOUNDS CONTAINING ALKYL-RADICALS IN UNION WITH 

SULPHUR. 


57. The elements in any individual group of the periodic system 
(“Inorganic Chemistry,” 216-222) yield similar compounds, a fact 
traceable to their having equal valencies: they also have similar chemi- 
cal properties. Experience has shown organic compounds containing 
elements of such a group to display the properties of their inorganic 
analogues in every variety of similarity and dissimilarity, their points 
of resemblance and of difference being sometimes even more marked 
than those of the inorganic compounds. A comparison of the oxygen 
compounds hitherto considered with the sulphur compounds of similar 
structure will servo as an example. 

The alcohols and ethers can be regarded as derived from water by 
the replacement of one or both of its hydrogen atoms by alkyl. The 
corresponding sulphur compounds are derived similarly from hydrogen 
sulphide, and are represtmted thus: 

1 ‘Sn and OnH2n-f-l*S»C/n,H2ni+l. 

The first are termed mercxiptans or thiols, and the second Ihioethers. 

The resemblance of these compounds to the alcohols and ethers is 
noticeable chiefly in their methods of formation, fo^if potassium hydro- 
gen sulphide instead of potassium hydroxide react with an alkyl halide, 
a mercaptan is formed: 

C„H2..+i . |X+K| .SH=CnH2n+i -SH+KX. 

Like the alcohols, the mcrcaptans have in the molecule only one 
hydrogen atom replaceable by metals. It is therefore reasonable to 
assume the hydrogen atom thus distinguislied from all the others to be 
in union with sulphur, the other hydrogen atoms being attached to 
carbon. 

The ethers are formed by the action of alkyl halides on alkoxides, 
and the thioethers are obtained analogously by combination of metallic 
compounds of the mcrcaptans, the mercaptides or thiolates, with alkyl 
halides: 

CnH2n+l‘S* lNa-f -1 •CmH2in+l =CnH2n+l’S*CinH2m+l+NaI. 
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Water is a neutral compound, and hydrogen sulphide is a weak acid; 
in consequence alcohol does not form alkoxides with the bases of the 
heavy metals, whereas mercaptans yield mercaptides with them. An 
alcohol soluble with difficulty in water, such as amyl alcohol, does not 
dissolve in alkalis; but the mercaptans, although insoluble in water, 
dissolve readily in alkalis, forming mercaptides. They possess there- 
fore an acidic character. 


Thiols or Mercaptans. 

58. The mcircaptans can be obtained also by the action of phos- 
phorus pontasulj)hide on alcohols: 


SaUan+i .OTH-PaSfi -> r>Cjr2n+j -SH; 

or }>y (liiitilling a solution of potassium alkylsulphate with potassium 
hydrogen sulphifle; 

C2H5 . | 0.S03K+1^ SII = C2TT5 -Sin- K2SO4. 

They are liquids almost insoluble in water, with boiling-points 
markedly lower than those of the corresponding alcohols. Thus, 
methyl mercaptan or methanethiol boils at 6°, methyl alcohol at 66°, a 
striking phenomenon, sulphur being much less volatile than oxygen. It 
may bo explained by assuming non-association of the mercaptan mole- 
cules, and association of the alcohol molecules. The mercaptans are 
distinguished by th,eir exceedingly disagreeable odour, a property char- 
acteristic of almost all volatile sulphur compounds. Our olfactory 
organs are very s(msitiv(f to mtTcaptans, and can detect merest traces 
of them quite unrecognizable by chemical means. The smell of the 
perfectly puni mercaptans is much less objectionable than that of the 
crude products. 

Many metallic compounds of the mercaptans are known, some of 
them in well-crystallized fonns. The mercury mercaptides furnish an 
example of these bodies, and an; produced by the action of mercaptans 
on mercuric oxide, whence the name of these compounds is derived 
(by shortening corpus mercurio aptum to mercaptan). Many other 
heavy metals, such as lead, copper, and bismuth, yield mercaptides: 
the lead compounds have a yellow colour. The mercaptan is liberated 
from all mercaptides by the addition of mineral acids. 
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Thioetiiiers. 


59. In addition to the methods given in 57 for -the preparatum »»f 
thioethers, the action of potassium sulphide, K*S, on the salts of ulkyl< 
sulphuric acids can be employed: 


2C2H> [o >SOaK+K»j S = (CallO^S+SKsSO*. 


Potassium 

ethylsulpUatc 


The thioethers arc neutral compounds with an excecdin/^Iy offensive 
odour, eliminated by heating with copper-powder. They arc liquids 
insoluble in water, and yield double compounds with metallic salts, such as 
(C2H5)2S,HgCU. 

The interaction of ethylene and sulphur monochloride yields 2:2'-rfz- 
JdoTodiethyl sulphide in accordance with the ociuation 


2CjH4+S.jCl2 - (CITjC.hCITj),S+S. 


In the war of 1014 to lOlS this substance was notorious as mustard-gas/^ 
It is a liquid with a faint sweetish odour, and boils at 217*^. Its va]}our 
has a most destructive effect on the respiratory organs. 

With one molecule of an alkyl iodide the thioethers form remarkable 
crystalline compounds of the type (C 2 H 6 ) 3 SI. These derivatives are 
termed sulphonium iodides, and are soluble readily in water. Moist silver 
oxide replaces the iodine atom by hydroxyl : 


(CsHOaSI+AgOII- (C2H.);,SOH-|-AgI. 

The sulphonium hydroxides thus obtained dissolve easily in water, and are 
very alkaline in reaction. They are strong bases, absorbing carbon dioxide 
from the air, and yielding salts with acids. In the sulphotiivm halides, 
such as (C 2 H 6 )S 3 -Ci, sulphur being the only element capable of union with ^ 
the univalent alkyl-groups and univahait chlorine atom, these substances 
must have constitutional formula* of the type 

C2llf»\^ 

s 

C.H./ \ci 

The mercaptans resemble hydrogen sulphide in being oxidized slowly 
by contact with air, becoming converted into disulphides like diethyl 
disulphide, 

C2H5-S-S-C2Hs. 

The hydrogen attached to sulphur has l>een removed by oxidation, proving 
disulphides to have the constitution indicated. A further proof is their 
formation by heating potassium ethylsulphate with potassium disulphide, 
K 2 S.. 
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Inorganic compounds containing oxygen and sulphur exist, and in 
organic chemistry similar substances are known. 

C H 

The sulphorides, are fonned by the oxidation of thio- 

ethers with nitric acid. Their constitution is indicated by their ready 
reduction to thioethers. If the oxygen were linked to carbon, they would 
not behave in this manner, because neither alcohols nor ethers lose their 
oxygen through gentle reduction. 

C H 

The sulp/iones are compounds with the constitution 

v.^nAl2n+ 1 

as is proved in 6o, They are formed by energetic oxidation of the thio- 
ethers, and also by oxidizing sulphoxidcs. Nascent hydrogen is unable to 
effect their reduction. 

Sulphonic Acids. 

6o. The mdphonic acids are produced from mercaptans by energetic 
oxidation with nitric acid. They have the formula CnH2n+i*SOaH. 
During the oxidation the alkyl-group remains intact, for the salts of these 
sulphonic acids are formed also by intera(!tion of an alkyl iodide and a 
sulphite: 

C2H6 |I+K| SO3K = KI +C2H5SO3K. 

Since the sulphur in mercaptans is in direct union with carbon, the 
sulphonic acids have an analogous constitution. Additional proof is 
furnished by the reduction of sulphonic acids to incircaptans. The struc- 
ture of ethylsulphonic acid is therefore CH3-CH2*SOsH. 

The group f^OsH must cor^tain a hydroxyl-group, because with a sul- 
phonic acid phosphorus pentachloride yields a sulphonyl chloride^ 
CiiH 2114-1 *80201, capable of reconversion into the sulphonic acid through 
the action of water. The structure of the compound is therefore 

CH 3 *Cn 2 *S 02 * 0 H. 

The alkylsulphonic acids arc strongly acidic, very hygroscopic, crystal- 
line substances, and are very soluble in water. 

In the sulphonyl chlorides, chlorine can be replaced by hydrogen in 
the nascent state. The derivatives obtained thus have the formula 
CnH2n4-i * 80211 , and are termed sulphinic adds. When an alkyl halide 
reacts with the sodium salt of a sulphinic acid, a sulphone (59) is formed: 

C*H,SO* |Na+Br| C*H2 = > SO,+NaBr. 

This mode of preparation is a proof of the constitution of the sulphones. 

Selenium and tellurium compounds corresponding with most of these 
sulphur compounds are known, and they also have a most ofleasive odour. 




COMPOUNDS CONTAINING AIKYL-RADICALS IN UNION 

WITH NITROGEN. 

I. AMINES. 

6i. At the beginning of the last chapter (57) the properties possessed 
by inorganic compounds were stated to be even more marked in their 
organic derivatives. The <‘ompounds described in this chapter afford 
another striking example of this phenomenon. 

The term amines is applied to substances capable of being regarded 
as derived from ammonia by exchange of hydrogen for alkyl-radicals. 
The most characteristic property of ammonia is its power of combining 
with acids to form salts by direct addition: 

NH;,-|-H.X = NH4*X. 

Thereby tervalent nitrogen is made quinquevalent, a change connected 
intimately with its basic character. This property is found also among 
the alkylamines. The early members of the series are even better 
conductors of electricity for the same molecular concentration of their 
aqueous solutions than ammonia, and are therefore more basic (“ Inor- 
ganic Chemistry,” 66 and 240). Ammonium hydroxide, NH4OH, a 
substance unknown in the free state except possibly at low temperature, 
exists in the aqueous solution of ammonia. It is very unstable, being 
decomposed completely into water and ammonia by boiling its solution. 
It has only weakly basic properties, because there are but few ammo- 
nium ions and hydroxyl-ions in its aqueous solution, apparently because 
the compound NH4OH has a very strong tendency to break up into 
ammonia and water. Such a decomposition is not, possible for com- 
pounds containing four alkyl-groups in place of the four hydrogen 
atoms of the ammonium radical, and experience has proved these 
compounds to possess great stability. Since the nitrogen cannot revert 
to the tervalent condition, their basic character, in comparison with 
that of ammonium hydroxide, is so strengthened that they are ionized 
to almost the same degree as the alkalis. 

The table indicates the degree of ionization of some of these compoimds, 
that of lithium hydroxide being taken as 100, the strength of the bases 
having been determined by the velocity of saponification of methyl acetate: 


LiOH 

.. 100 

(C,H,),H,N-OH. ... 

...16 

NaOU 

. . 98 

(C,H,)H,N-OH 

...12 

(C,H,)4N-0H 

. . 75 

H4N-OH 

... 2 

(C*H*),HN.OH. . . . 

. . 14 




The amines yield complex salts fully analogous to the platinum salt, 
(NH4)2PtClo, and the gold salt, NH4AUCI4, of ammonia. 
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[§§62, 63 


Nomenclature and Isomerism. 

62. In the nomenclature of the amines those with one nitrogen atom 
are regarded as ammonia having hydrogen replaced by alkyl, and not as 
alkanes with the NH2-group substituted for hydrogen. All basic sub- 
stances are denoted by the termination inc. 

The amines an' t(*rmed primary, secondary, or tertiary, in correspond- 
ence with the exchange for alkyl-radicals of one, two, or three hydrogen 
atoms of ammonia, NH3. The compounds NR4OH, R represtmting an 
alkyl-radical, are named quaternary ammonium bases. 

Isomerism of the amines may be due to various causes. First, it 
may arise from branching of the carbon chain, just as in the alcohols 
and other compounds. Second, it may be due to the position occupied 
by the nitrogci' in the molecule. Third, it may be caused by both 
causes simultaneously. In addition to these influences, the primary, 
secondary, and tertiary nature of the amines must be taken into 
account. A compound C3II9N, for example, can be propylamine or 

isopropylaminc, CII3 *0112 *0112 •NH2 or qJ^>CH*NH 2, primary; 

mcthylethylamine, Cglls^^^^’ secondary; or trimethylaminc, 
CUsK 

CHs-^N, tertiary. 

Methods of Formation. 

63. Hofmann discovered .that heating an alcoholic or aqueous 
solution of ammonia with an alkyl halide induces the following reactions: 

I. CnH 2 n+l .Cl + pNHg = CnHzn+i .NH2,HC1+ (p- 1)NH3. 

'rhe alkyl halide forms an addition-product with ammonia, NH 3 , a 
reaction analogous to the formation of ammonium chloride, NH 4 CI, 
from ammonia, NH 3 , and hydrogen chloride, HCl. Part of the resulting 
hydrochloride is decomposed by ammonia, with liberation of the 
primary amine, the free base reacting with the alkyl halide in accord- 
ance with equation II: • 

II. CnHzn+l -Cl+CnHan+l •NH 2 = (CJl 2 n+l) 2 NH,HCl. 

Part of the secondary amine thus produced is set free also, and reacts 
according to equation III: 

III. C jr2„+l .C1+ (C„H2n+l)2NH = (CaH2n+l)8N,HCl. 

The tertiary amine undergoes partial liberation, and reacts with the 
alkyl halide to yield the halide of a quaternary ammonium base: 

TV. (C„H2„+,)3N-l-C„H2n+l .Cl = (C„H2n+l)4N -Cl. 
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Excess of ammonia is assumed to be employed; but even when it is 
not, and in general for every proportion of alkyl halide and ammonia, 
the reaction is in these four phases. As a final result, the primary, 
secondary, and tertiary amines, and the ammonium base, are formed 
simultaneously. Often by adjusting the proportion of ammonia and 
alkyl halide, the duration of the reaction, and other conditions, it is 
possible to obtain a given amine as main product, the quantities of the 
other amines being relatively small. The nature of the alkyl-group 
also exerts a great influence on the character of the reaction-product. 

The separation of the ammonium bases from the ammonia and 
amines is simple, the amines being liquids volatilizing without decom- 
position or gases, and the ammonium bases not being volatile. On 
distillation of the mixture of the amine hytlrohalides and the ammonium 
banes after addition of potassium hydroxide, only the free amines pass 
over. 

To separate the prirnarj’’ amines from the mixture of the hydrohalides 
of the three amines, fractional crystallization often is employed for the 
lower members, methylamine, dimethylamine, and so on. The propyl- 
amines and those succeeding can be separated by fractional distillation. 

Various methods of pre])aring primary amines unmixed with second- 
ary or tertiary amines ai'e known (78, 96, 259, 268, and 349). 

64. The velocity of the formation of tetra-alkylammonium iodides from 
triethylamine and an alkyl iodide or bromide has Ixurn investigated by 
VIensciiittkin. It has the character of a bimolecular reaction (“Inor- 
ganic Chemistry,” 51) according with thh equation 

« = ^ (« — x) (h — x) , 

a being the velocity, k the constant of the reaction, a and 6 the quan- 
tities of amine and iodide per unit volume expressed in molecules, and 
X the quantity of both which has entered into reaction after the time t. 
Solution of this eciuation by the integral calculus gives 


k = 


t{a—b) 


Xlog, 


b(a—x) 

a{Jb—xy 


For the investigation of those velocities, weighed quantities of the 
amine and iodide are brought into contact in a suitable solvent, and the 
solution is heated in a sealed tube at 100°, x being determined after the 
lapse of known intervals of time t. The value of k is foimd to be con- 
stant for every reaction; that is, if corresponding seta of values be 
substituted for t and x in the equation, on solving it the same value for 
k is obtained always. The greater the molecular weight of the aJkyl- 
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radical, the smaller is k, although the decrease is not very marked: for 
example, when the amine reacts with propyl bromide, A: =0*00165; with 
octyl bromide employing acetone jis solvent A: =0*00110. The equation is 
applicable normally, being independent of the solvent, a fact in accord 
with the absence of any term dependent on the nature of the solvent. 
Instances arc known, however, of the extraordinary magnitude of the 
influence exerted by the solvent on the values of k. With hexane as 
solvent, for the interaction of triethylamine and ethyl iodide k= 
O’OOOISO; but for methyl alcohol A: = 0*0516, or 286*6 times as great. 

In many other instances the solvent exerts an important influence 
on the velocity of reaction, but a satisfactory explanation of the phe- 
nomenon is lacking. 


Properties. 

6S* The primary, secondary, and tertiary amines are distinguished 
sharply by differences in their behaviour towards nitrous acid, 110* NO. 
Primary amines yield alcohols, with evolution of nitrogen: 


CnH2n + 1 

N 

112 

+OH 

N 

0 


= C„H2„+i*0II-fN2+H20. 


The reaction is fully analogous to the decomposition of ammonium 
nitrite into water and nitrogen: 


NIl3*HONO = 


H* 

HO 


N'Ha 

NiO 


= 2H20-1-N2. 


Secondary amines yield nitrosoamines: 


(C„H 2 ..+i)aN H+HO NO = (aHzn+OaN* NO+HgO. 


The lower members are yellowish liquids of characteristic odour, and 
are slightly soluble in water. They are reconverted easily into second- 
ary amines by the action of concentrated hydrochloric acid (298). 
This reaction is a proof of the structure indicated, for direct union of 
the nitroso-group with carbon through either its oxygen or its nitrogen 
would eliminate the possibility of thus reconverting the nitrosoaminc 
into a secondary amine. 

Tertiary amines either arc tmaffected by nitrous acid, or suffer 
oxidation. 

Their behaviom* with nitrous acid affords therefore a means of 
distinguishing the three classes of amines. It serves also as a basis for 
the separation of the secondary and tertiary amines in the pure state 
from a mixture of the two types. Addition of a concentrated sohiticm 
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of sodium nitrite to a hydrochloric-acid solution of a mixture of the 
two amines converts the secondary amine into a nitrosoamine in the 
form of an oil on the surface of the aqueous solution, and removable by 
means of a separating-funnel. The tertiary amine is not attacked, but 
remains in the aqueous solution in the form of a salt, and can be 
obtained by distilling with potassium hydroxide. During the process 
any primary amine present undergoes decomposition. 

Another method of dif inguishing primary, secondary, and ter- 
tiary amines consists in the determination of the number of alkyl- 
groups with which the amine can combine. For example, if a com- 
pound C3H9N be propylamine, C3H7NH2, by heating with excess of 
methyl iodide it should yield a compound 


or 


if the formula C3H9N = ^2}3>N1I, similar treatment should yield 


(^|^®NI = CsHi 4NI; or lastly, if C3H9N = (CH3)3N, there should be 

obtained (CH3)4NI = C4H12NI. A titration of the iodine ion of the 
quaternary ammonium iodide formed reveals the primary, secondary, 
or tertiary character of the compoun<l C3H9N. 

Hofmann’s test for primary amines is described in 77. 


Individual Members. 

66. The lower members are inflammable gases, and are very soluble 
in water, 1150 volumes of methylamine dissolving* in one volume of 
water at 12 * 5 ®. The succeeding members have low boiling-points, 
and arc miscible with water in all proportions. Botii they and the 
lower members have a characteristic ammoniac^ odour, like boiled 
lobsters. The higher members are odourless and insoluble in water. 
The densities of the amines are considerably less than 1, that of methyl- 
amine at —11° being only 0 * 699 . The table indicates the variations 
in their boiling-points. 


Alkyl-radi(ial. 

Primary. 

Secondary. 

Tertiary. 

Methyl 

- 0 ° 

70 

3-6“ 

Ethyl 

19® 

.56® 

90® 

n-Propyl 

49® 

98® 

166® 

w-Butyl 

76® 

160® 

215® 

w-()etyl 

180® 

297® 

366® 
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Methylarnine is present in Mercurialis perennis, and is prepared 
readily by the interaction of ammonia and dimethyl sulphate. 
Dimethylamme (299) and trimelhylamtne are constituents of herring- 
brine. 


Trimofhylaminc, (CH3)sN, can be prepared conveniently by heating 
aminoniuin cJiloride with formaldehyde (“Formalin," loS) in an autoclave 
at temiKjratures between 120“ and 160 “: 


2NH3+9CH20=2(CH*),N+3C0s+3H20. 

Tetramelhylammmdum hydroxide, (CTT3)4N»OH, is obtained by the 
interaction of a solution of t.ht* corresponding chloride in methyl alcohol 
and th(i equivalent quantity of potassium hydroxide. After filtration 
of the pmeipitated potassium chloride, the solution is diluted with 
water, and evaporated in vacuo at 35 ° to remove the alcohol. The 
base crystallizes as very hygroscopic hydrates characterized by their 
ready absorption of carbon dioxide. It is decomposed by heat into 
trimethylaminc and methyl alcohol: 


(cii3)4N .on = (0H3)3 N+ch30ii. 

The liiglKU- ammonium bases are con verbid by dry distillation into 
a tertiary amine, water, and a hydrocarbon Cnll2n: 

(C2H5)4N.0II - (C2H6)3N+C2H4+H20. 

Tript hylamine Ethylene 


The structure of the ammonium basfis depends on the capacity of 
the nitrogen atom to unite with the four univalent alkyl-groups and the 
univalent hydroxyl-group. In view of its- quinquevalency in these 
compounds, the constitution of the ammonium bases must be 


Cnir2n-H\ 

C„Il2m+l-^N< 

CpHap+i/ 


CrH2r-fl 
OH » 


n, m, p, and r being similar or dissimilar. 


67. Alkyl-derivatives of hydrazine or diamide, H*N.NH2, are known. 
Among the methods for their preparation arc the direct introduction of 
an alkyl-group into hydrazine, and the careful reduction of nitrosoamines 
(6$). They have little power of resisting oxidizers, exemplified by their 
reduction of an alkaline copper solution at the ordinary temperature. 
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n. NITRO-COMPOUNDS. 


68. By the interaction of silver nitrite and an alkyl iodide two com- 
pounds are formed, both having the empirical formula Cnllzn+iNOg, 
but different boiling-points. A typical example is the convei’sion of 
ethyl iodide into a substance CsHsNOz boiling at 17°, and another 
isomeride boiling at 113°— 114°, the two substances being separable 
readily by fractionation. 

The compound of low’cr l)oiling-point is decomposed into alcohol 
and nitrous acid by the action of j)otassium hydroxide, and therefore 
must be regarded as an ester of nitrous acid formed in accordance with 
the equation 



•ONO - C„H2n+i .ONO+ Agl. 


Reduction transforms these esters or alkyl nitrites into an alcohol 
and ammonia. 


The isomeride of higher boiling-point behaves (juite differently. 
It is not converted into a nitrite and alcohol by the action of alkalis, 
aiul on reduction its two oxygen atoms are replaced by two hydrogen 
atoms with formation of a primary amine: 


C„Il2n+lN02 CJl2n+lNH2. 

The last reaction proves the nitrogen in this class of compound to bo 
united directly with carbon as in the amiiu'S. The oxygen atoms can 
b(! attached only to the nitrogen, bofiause the reduction to amino 
o(;curs at the ordinary temperature. Without the aid of heat it is not 
possible to replace oxygen in direct union witli carbon, iwiither alcohols 
nor (?thers b(;mg reduced at low temperatures to substances not con- 
taining oxygen. This fact indicates the constitution CuH 2 n+i — NO 2 for 
these nitro-compounds. 

Nitro-cotnpounds therefore contain the nitro-group, NO 2 , the nitrogen 
atom being in direct union with cxirbon. 

The generation of nitrite and nitro-compound may be explained by 
assuming the production of the nitrite to Im? a normal ionic reaction, and that 
of the nitro-compound to involve the i)reliminary formation of an addition- 

Ag»0*N*0 

product, decomposed with fission of silver 

iodide. Confirmation of this view is furnished by the conversion by 
tlimethyl sulphate of a dilute a<iueou.s solution of potassium nitrite into 
methyl nitrite only, whereas a concentrated solution of the nitrite yields 
up to 25 per cent, of nitromethane. 
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The names of the nitro-compounds are formed from those of the 
saturated hj^drocarbons by prefixing nitro, the compjound CH3NO2 
being nilromethane, (’2H6N()2 nilroethane, and so on. The members of 
the aliphatic homologous series are termed niiroparaffins. They are 
colourless liquids of ethereal odour, and the lower members arc slightly 
soluble in water. All of them distil without decomposition. 

69. The nitro-<ierivatives have a number of characteristic properties, 
among them the possession of one hydrogen atom replaceable by 
alkali-metals, especially sodium. This sodium compound is obtained 
most readily by the action of sodium ethoxide or methoxide on 
the nitro-compound in solution in absolute alcohol. A fine, white, 
crystalline precipitate is formed, that derived from nitroethane having 
the composition C2H4NaN02. The insolubility of these sodium com- 
pounds in absolute alcohol is employed sometimes in the separation of 
the nitroparafiins from other substances. 

This power of exchanging hydrogen for sodium is conditioned by 
the presence of at least one hydrogen atom attached to the carbon 
atom carrying the nitro-group. As from nitroethane, a metallic com- 
pound is obtained from secondary nitropropanc. 


but tertiary nitrobutanc. 


CH3.CH< 


CII3. 

NO2’ 


CHav 

CHa-^.NOa, 

CH3/ 


does not yield a corresponding metallic derivative. The structure of 
these metallic compounds is considered in 322. 

Contact of an alkaline solution of a nitro-compound with bromine 
substitutes the halogen for one or more of the hydrogen atoms attached to 
the carbon atom carrying the nitro-group. - This reaction is analogous to 
the substitution by metals, it being possible to introduce one additional 

/Br 

bromine atom into CH3»CHBrN02, but not into CHs^C^CHs. 

NNO2 


70. The behaviour of nitro-compounds with nitrous acid is very char- 
acteristic, and affords a method of distinguishing primary, secondary, and 
tertiary nitro-<lerivatives. The reaction involves the addition of sodium 
nitrite to an alkaline solution of the nitro-compound, and acidification 
with dilute sulphuric acid. From a primary nitro-compound, an alkyl- 
nitrolic acid is formed : 


CHa-C 


Ha-K^ NOH 




NOa 


Ethylnitrolic acid 
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The coni^titution of these compounds is indicated by their production 
from a dibromonitro-compound through the action of hydroxylamine, 
H»NOH: 

CH, . C [Br,+ H^ NOH = CH, • +2HBr. 

^NO, 


The alkylnitrolic acids dissolve in alkalis, yielding metallic compounds 
of blood-red colour, tl i reaction affording a characteristic test for them. 
They crystallize well, but arc unstable. 

A similar process transforms the secondary nitro-compounds into 


pseudonitroles. 


They contain the group =C < 


NO 

Nov- 


ell, 

CII, 


>c<r“+“« 


NO, 


NO_CH, NO . jjo 

Propylpsuwtionitrolc. 


The solid p.sg«donitroles are colourless, crystalline substances, but in 
the fused state or in solution they luive an intense blue colour. This 
characteristic serves as a test for them. 

Lastly, the tertiary nitro-compounds are unaffected by nitrous acid. 

Among the other properties of nitro-compounds is their decomposition 
through heating with hydrochloric; acid into the corresponding acid with 
the same number of carbon atoms and hydroxylamine: 


CII,.CH2.N02+H.() = CH,.C()()IH-Il2N0H. 

Nitroothaiip Acrfic* iicid Hydroxyliiitiiue. 


The mechanism of this reaction is explicable on the sissumption of the 
preliminary transformation of the nitro-compound into a hydroxamic add: 

. ^NOH 

R-CH*N02 ^ . 

Uydroxaniic acid 

The hydroxamic acid formed is converted into the acid and hydroxylamine 
by the water present: 

r*c^^^Vh20=r.c^h+h*noh. 

Acid Hydroxylamine 



COMPOUNDS CONTAINING ALKYL-RADICALS IN UNION 
WITH OTHER ELEMENTS. 


1. COMPOUNDS CONTAINING ALKYL-RADICALS IN UNION WITH 
ELEMENTS OF THE NITROGEN GROUP. 

71. Ammonia unittvs readily with acids to form salts. Phosphine, 
PHa, also possesses this property, although the phosphonium salts, 
PH4X, are decomposed oven by water into an acid and phosphine. 
In arsine, AsIIs, stibine, Sblls, and bisrnuthine, BiHs, the basic char- 
acter has disappeaRMl. 

Ammonia cannot be oxidized easily, and at the ordinary tempera- 
ture it is unaff(*cted by the oxygen of the atmosphere. In contrast, the 
hydrides of phosphorus, arsenic, antimony, and bismuth are oxidized 
readily. 

All thes(^ properties characterize the compounds of these elements 
witli alkyl-radicals. 


Phosphines. 

72. The amines yield stronger bases than ammonia, and the phosphinei 
fonn stronger bases than phosphine. In both types this property becomes 
more marked with increa.«c in the number of alkyl-groups replacing 
hydrogen atoms, the salts of the monoalkylphosphincs being deeomposcfl 
by water, but not those of the dialkylphosphines and trialkyl phosphines. 
The iinultrnary pltosphmiinn baites, PII4OII, are as strongly basic as the 
ammonium bases. When a phosphonium base is heated, it does not 
decomjx)sc like an ammonium base (66) into an alcohol (or CnH2n+H20) 
and a trialkyl base, but into a hydrocarbon CnH2„+! and an oxygen com- 
pound: 

(C 2 Hd ,P • Oil = C2H6+ (CjHdaPO. 


This derivative is termed trieihylphostphine oxide. In this reaction the 
great affinity between ohosphorus and oxygen plays an important part, 
as is indicated also by the ready oxidation of the phosphines, a change 
effected even by the action of the air. Nitric acid oxidizes phosphine, 
PHj, to phosphoric acid, ()P(OH)); and in an analogous manner the 
phosphines take up one oxygen atom, and in addition a number of oxygen 
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atoms equal to that of the hydroKeri atoms in direct union with phos- 
phorus : 


CH 

H 


*P gives 
2 


CIT, p.o. 
(HO)/ 


(CH,) 

H 


gives 


Alniiomothylphtisphiilic 

aoid 


(CH,) 

HO 


"P:0: 


Pi rncthylphosphinic 
acid 


and (CH:.),P gives (CH,),P:0. 

Trimethylphospliinc oxide 


The constitution of these compounds is established by a variety of 
considerations, (‘xc'mplificd by the dibasieity of the monoalkylphoHphinic 
acidsy file nionobasieity of the dinlkylphosphinic acUh, and the lack of 
acidic properties dispJa\'(}d by tlie triallxylphosphinc oxides. 

The ])iios})hines nre cojourless liquids of j>ene(rating, stupefying odour. 
]VIothylj)hospliine, is a gas; in very small quantities triethyl- 

phosphine has an odour of hyacinths. 

Methods of Formation. — Only tertiary phosphines and phosphonium 
compounds are formed by the action of alkyl halid(\s on i)hosphine, PII3. 
IVimary and secondary pliosphiruis arc obtained by heating phosphonium 
iodide, PIU, with an alkyl iodide and zinc oxide. 


Arsines. 

73. Tlic primary and secondary arsinesy HyAsCHa and HAsCCH.,)?, are 
produced by reduction of monoinethylarsinic acid and dimethylarsinic 
acid, ((Ul3)IIAs()*()lI and (CIl3)zAsO*OH, with amalgamated zinc-dust 
and hydrochloric acid. lOach is oxidized immediately b^^' the air. With 
wat(M’ tertiary arsines do Jiot yield bases. They are formed by the action of 
a zinc alkide on arsenic chloride, AsCla, and from sodium arsenide and an 
alkyl iodide: 

AsN as-hSCall jl = As(C2Ha) 3“f“3XaI m 

Quaternary arsoniuin bases arc characterized by the possession of 
strongly markc'd basic prop(‘rti(\s. They are prepared by the addition of 
alkyl lialid(!s to tertiary arsiiu's, followed by the action on the resulting 
halide of silver hydroxide. 

The best-known arsenic derivatives containing alkyl -radicals are the 
CAicodyl compounds. I'liey w(?re investigated by Bonsen, and he gave 
them this name in conseiiuence of their offensive smell. They are very 

CH 

poisonous. The term cacodyl is applied to the univalent grouj) — • 

Cacodyl oxidxy [fCTl3)2As]20, is formed by distilling arsenious oxide with the 
acetate of an alkali-metal. All the other cacodyl compounds arc obtained 
from cacodyl oxide, cacodyl chloride^ (CH8)2AsCl, being prepared by heating 
the oxide with hydrochloric acid, and cacodyl. (CH3)?As-As(CH3)2, by 
heating the chloride with zinc in an atmosphere of carbon dioxide. Contact 
with air causes spontaneous ignition of both compounds. 
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II. COMPOUNDS CONTAINING ALKYL-RADICALS IN UNION WITH 
THE ELEMENTS OF THE CARBON GROUP. 

74. Like cjirboii, (‘leincnts silicon, p;enTijinium, tin, and load are 
qnadrivalent. Numerous attempts have been made to prepare compounds 
containing chains of silicon atoms resembling the carbon chains. They have 
not been siKicessful, no compounds coiitainiiiK a chain of more than three 
silicon atoms having been i)rcpared. So far as is at present known, silicon 
lacks the power of forming long chains like those i)rcsent in many carbon 
compounds. On account of this defect, a “Chemistry of Silicon ” anal- 
ogous to the “Chemistry of Carbon’’ is not possible, the phenomenon 
having a threefold origin: 

(1 ) TIk; linking between silicon atoms (Si — Si) is ondothc^rmic, whereas 
that between carbon atoms (C — C) is exothermic. 

(2) Most organic silicon compounds are decomposed readily by both 
water and oxygen. 

Such compounds an* very subject to polymerization, with formation 
of amorphous powders. 

Introduction of a single silicon atom into organic substance*s containing 
many carbon atoms produces derivatives of a character differing little from 
the corresi)onding carbon compounds, a fact exernplifiefl by the existence of 
tetraethijlmonosilane, Si (C 2 115)4, and tetraethylmethane or 3 :3^iethylpentane, 
C(C2H6)4. Each is a liquid, and is unaffc*cted by either fuming nitric 
acid or fuming sulphuric acid at the ordinary temperature, but each yields 
substitution-products with chlorine. Tricthylmonosilane, (C2H&)3SiH, has 
a petroleum-like odour, a resemblance to trielhj/lmethane or 3~ethijlpentane, 

(C2H5)3CH. 

III. METALLIC ALKIDES. 

75- When excess of ethyl iodide is wanned with zinc, a white crys- 
talline compound, C'2llri55nl, is formed, and on stronger heating it 
yields zinc ethide, Zn(C 2 Tl 5 ) 2 , and zinc iodide: 

2C2H5ZnI = Zn(C2H5)2 +Znl2. 


Zinc ethide can be separated by distillation, an operation neces- 
sitating the employment of an apparatus filled with an inert gas, 
because like the other zinc alkides this compound burns spontaneously 
on exposure to air. 

The metallic alkides are colourless licjuids, heavier than water. 
Zinc methidc boils at 46®, zinc ethide at 1 18®, and zinc propide at 146®. 

TIk; interaction of an alkyl iodide and a zinc alkide yields a satu- 
rated Iiy drocarbon : 


CII 3 

CHa 


> 


Zn+ j 


*CH 3 = Znl2+2CH3 .CTI 3 . 
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Water converts zinc alkiclcs into saturated hydrocarbons and zinc 
oxide: 


Zn (CH 3 ) 2 + II 2 O = 2 CII 4 + ZnO. 


The halogens react very energetically with zinc alkides, yielding 
alkyl halides. 

Sodium alkides of the type of sodium methide, CITs'Na, are formed 
by the interaction of sodium and mercury alkides. 'I'hey are (iolourless, 
amorphous powders, are not di.ssolved by indilT<*rent solvents, and 
ignite spontaneously on contact with air. 

Very remarkable compounds of magnesium were obtained first by 
Gjugnard. When magnesium-turnings are brought into contact with 
a dry ethereal solution of an alkyl iodide, on<* gramnicvinoleeule of the 
halide being employed for each gramme-atom of magnesium, there 
ensuc's a reaction evolving sufficient heat to laise the ether to the 
boiling-point. When sufficient ether is present, all the magnesium 
dissolves, forming an alkyl magnesium iodide, C'nll 2 n+rMg*l. This 
derivative is combined with one molecule of ether, for evaporation to 
dryness leaves a residue containing cquimolecular proportions of ether 
and the metallic compound. 

The alkyl magnesiuin halidc's of the type R»Mg*X can be obtained 
free from ether by dissolving tluj alk^d halide in benzene, light petro- 
leum, or other solvents, adding magnesium, aiul inducing the reaettion 
by the introduction as a catalyst of a small jiroportion of a t(‘rtiary 
amine or of ether. 

Unlike the zinc alkides, tlu; alkyl magnesium lialides do not ignite 
spontaneously on contact with air. They are employed often for syn- 
theses, notably for those of the secondary and tertiajy alcohols ( 102 ). 

The alkyl magnesium halides are decomposed by water, with forma- 
tion of saturated hydrocarbons: 

C„H2„ f 1 • Mg. CWJ 2 O - CnIW 2 + Mg(OH)Cl. 

With hydrogen peroxide they yield primary alcohols: 

R. CH2X-1-H202 = R. ( Tl20IH-Mg(OH)X. 

Mercury aikides are prepared similarly to zinc alkide.s. They do not 
ignite in the air, are not attackc'd by water, and are dangerously iwisonous. 
Such compounds as C2Il6.Hg.OII arc weak bases. 

Alkyl-derivatives of glucinum, magnesium, cadmium, aluminium, 
thallium, and lead have been obtained also, some by the aid of Gkignard’s 
alkyl mag nesi u m halides. A typical in.stancc is the formation of tin etliide 
by the interaction of stannic bromide and ethyl magnesium Immiidc: 

SnBr«-|-4C2H6 . Mg.Br= Sn(C2H6)4+4MgBr2. 
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76. Distillation of potassium ethyJsulpliate with potassium cyanide 
or anhydrous potassium fcrrocyanidc, I<4Fe(CN)o, produces a liquid 
of exceedingly unpleasant odour. By fractional distillation it can bo 
separated into two substances, both with the formula CsHsN. One is 
termed ethylcarhyhmine, and is present only in small proportion: it 
boils at 82 °, and has a disagreeable smell like that of the original mix- 
ture. The otluir constitutes the main portion, and is named elhyl 
cyanide: it boils at 97 °, and after purification has an odour of not 
unpleasant character and much less penetrating than that of ethyl- 
carbylamine. 

With inorganic acids these isomerides yield quite different decom- 
position-products. Fithylcarbylaminc is attacked at the ordinaiy' tem- 
perature, the oily layer floating on the surface of the acid dissolving 
completely, and the disagreeable odour disappearing. Formic and, 
CII2O2, can be obtained from the solution by distillation; and on 
addition of potassium hydroxide to the residue in the distilling-flask 
and subsequent distillation, ethylamine, (y2n.5NH2, passes over, indi- 
cating the nitrogen atom in ethylcarbylamine, C3II5N, to be united 
directly with the ethyl-group: 


C3nr,N4- 21120 = CH2O2+C2H5NH2. 

Ethylcarbylamine Formic acid Ethylamine 

or KthancMocarboziitrilc 

At the ordinary temperature ethyl cyanide is attacked somewhat 
slowly by inorganic acids, but heating accelerates their action. On 
warming the mixtui'e in a flask with a reflux-condenser and subs(;quentiy 
distilling, -propionic acid, C3H6()2, passes over. This acid contains the 
same number of carbon atoms as ethyl cyanide, (^sHsN. On making 
the residue in the flask alkaline and distilling again, ammonia is obtained, 
proving the nitrogen atom in ethyl cyanide not to be in direct union 
with the ethyl-group: 

C3H6N+2H2O = C3H6O2+NH3. 

Ethyl cyanide Propionic acid 
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These facts indicate the nitrogen atom in ethylcarbylamine to be in 
direct union with the ethyl-group, and the three carbon atoms not to be 
united directly, for on<^ of them can be eliminated with production of 
formic acid. In contrast, ethyl cyanide must have a chain of three 
carbon atoms like that in propionic acid (8o), and the nitrogen cannot 
be attached din;ctly to the ethyl-group. These facts are expressed by 
the constitutional fomuilaB 

I. Call.'-.— NC, II. C2H5— CN. 

Curbylanjiiift Cyanide 

On account of their method of formation, each substance must contain 
the group (/N. 

Ckmipounds with a structural formula like I are named carbyl- 
amives or isocarbonitriles; those with a structural formula like II are 
termed cyanides or carbonilriles. The names of the carbylamines are 
d(‘rived from their alkyl-radical, thus methxjlcarhylamine, ethylcarbylor 
mine, and so on. Th(‘ cyanides can be designatesd analogously methyl 
cyanide, ethyl cyanide, etc. ; but usually they are tenned nitriles, and are 
named after the corresf)onding acid. Thus C’Hs'CN is acetonitrile, and 
(YjHs'CN propio 7 iitrile, the homologues having analogous titles. 

The constitution of the groui)s — CN and — ^NC requires further 
consideration. They are repres(*nted as — C~N and — N=C, the 
first with a triple bond and the second with a double bond between 
carbon and nitrogen {cf. 119). 

In Nek’s view, the (‘arbylamines furnish one of the few examples of 
co!niK)unds with a bivalent carbon atom. He proverl the formula R*N : C 
to represent tlu* constitution of the carbylamines by demonstrating addition 
f»f halogens, hydrogen halides, siiljihur, and other .sufi.stances to take place 
only at the carbon atom, with formation of compounds of such types as * 
R-NCX.,, R .NCHX, and R-NCS {cf. 130 and 261). 


isoCarbonitriles or Carbylamines. 

77. Carbylamines arc the prineii>al product of the interaction of 
alkyl iodides and silver cyanide. They can be obtained unmixed with 
nitriles V)y the action of potassium hy<lroxide and chloroform, CHCI3, 
on primary amines; 

CaHfiNfH^+CfHn^ +3K0H = 3KC1 +3H2O +C2H5 -NC. 

The disagreeable and characteristic odour of the carbylamines 
makes this reaction an exceedingly delicate test for primary amines. 
Sccondaiy and tertiary airlines are not converted into carbylamines 
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by it, for they lack two hydrogen atoms in direct union with the nitro- 
gen atom of the amine. 

Tiie carbylaniinos are colourless liquids, very stable towards alkalis, 
but converted n'adily by acids into a jirimary amine and formic acid. 
With dry hydrogen chloride in ethereal solution they yield unstable 
addition-products, such as 2CH3NC,3HC1. 

Carbonitriles. 

78 . Carbonitriles constitute the chief product of the interaction of 
potassium cyanide and alkyl iodides (r/. 77 ). They are prepared also 
by the dry distillation of potassium cyanide and potassium alkylsulphatc. 
Sometimes anhydrous potassium fcrrocyanide, K 4 Fe(CN) 6 , can be 
substituted advantageously for potassium cyanide. 

Carbonitriles are formed also by passing cst(;rs mix(id with ammonia 
over oxidt! of aluminium or of thorium heated to a temperature between 
480° and 500°: 

R-C00R'-fNH3=R-CN-l-Il'-0H-|-H*0. 

Other methods of preparation are mentioned in 96 and 103 . 

The carbonitriles are liquids of characteristic odour, soluble in water, 
and having densities approximating to 0-8. They are converted by 
acids, and also by warming with alkalis, into fatty acids with the same 
number of carbon atoms and 'ammonia, a process termed hydrolysis. 
With many substances they form addition-products by conversion of 
the triple bond between nitrogen and carbon into a single bond, exempli- 
fied by the additiori of nascent hydrogen in Mendius's reaction: 


C2H5 • C:N -I-4H = CzHs • CH2 • NH2. 


This reduction is effected by passing a mixture of the vapour of a carbo- 
nitrile with hydrogen over finely-divided nickel or copper at 180° to 200 °. 

On raising the temperature to one between 320° and 330°, the primary 
amines are converted into the corresponding carbonitriles by elimination of 
hydrogen, the reaction with iaoamylamine and certain other amines being 
almost quantitative. 

A description of other addition-products of the carbonitriles is given 
in 97 . 
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79 . An addition-product is foimod l;y the interaction of Grignard’s 
alkyl magnesium halides ( 76 ) and carbon dioxide. Since magnesium 
exhibits great affinity for oxygen, this reaction can be cxplain(*d by 
assuming the release from the alkyl-i‘adical of the group— MgX, X 
representing halogen; and its subsequent union with an oxygen atom 

of the carbon dioxide, being converted into — ^CoM>-X’ 

this new group and the alkyl-radical previously attached to the group 
—MgX have one free carbon bond apiece, the two groups may be as- 
sumed to unite to form a compound Cnn2n+ 1 — addition- 
product is decomposed by water, yielding an acid: 




In accordance with these reactions the acids CnH2i,02 contain the 
group — ^\qjj union with an alkyl-radical. This view is supported 


by the formation of these compounds by other methods. 

Among th(un is their synthesis by the interaction of an alkyl iodide 
and potassium cyanide, followed by hydrolysis of the carbonitrile formed. 
This hydrolysis consists in the addition of the elements of water, and 
entails breaking the bonds between carbon and nitrogen in the group 
— C=N. If any other bond in a carbonitrile CII3 *0112 -0112 .... (^N 
were released, it would involve a severance of the carbon chain, and 
prevent the formation of an acid containing the same number of carbon 
atoms as the carbonitrile. The hydrolysis of the carl)onitrile to form 
an acid and ammonia can be explainotl therefore by assuming the mole- 
cules of water to be resolved into hydroxyl and hydrogen, the hydroxyl 
uniting with the carbon, and the hydrogtm with the nitrogen. By a 
threefold repetition of this hydrolysis the nitrogtm is converted into 
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ammonia, the three bonds in the carbonitrile between carbon and nitro- 
gen being severtKi: 

/OH H\ 

Clla- Cf<)H H^N. 

\OH H/ 

The formula of Ihe acid produced is not CII3 •CO3II3, but CH3 •CO2H, 
containing one molecule of water less. Eliminalion of one molecule of 

OlH Q 

water from CHs’COsHs yields CHa’CfQH— » CHs'C^ , a substance 

containing the carhoxyl-group. 

In this explanation of the formation of acids, the existence of an 
intermecliate comiwund with three hydroxyl-groups is assumed. Such 
substances are not- known, but the assumption seems not improbable, 
because compounds containing three alkoxjd-groups exist, exemplified 

/OC2H5 

by the derivative CH3*C^OC2H6. Th(*y are termed oriho-cstei'n (149)- 

M)C2ll5 

The acids C„H 2 n 02 can be produced by the action of carbon mon- 
oxide on metallic alkoxides under the influence of heat: 

CHa • ONa+CO = CH3 • COONa. 

The formation of an addition-product between CIIs'ONa and CO can 
be explained by avssiuning the ajkoxide to decompose first into CH 3 aufl 
ONa. 

The conversion by oxidation of the primaiy alcohols into acids of 
the general formula C'5nH2n02 with the same number of carbon atoms 
in the molecule is mentioned in 45 and 46. In this reaction the group 
— Cn20H becomes oxidized to — COOH. 

The higher primary alcohols also can be transformed into the corre- 
sponding acids by heating with soda-lime, frc(i hydrogen b(»ing evolved : 

Cl 7H33 • CHsOH-f NaOH = Ci jHso • COONa-|-2H2. 

Htearyl alcoiuil Socliiini stoarate 

Other methods arc described in 98, 145, 164, 232, and 233. 

The presence of hydroxyl in the carboxyl-group is proved by the 
action of the chloriiles of phosphorus, the hydroxyl-group being replaced 
by chlorine ’as with the alcohols. 

In each molecule of the acids of this series there Is one hydrogen 
atom replaceable by metals. Only the carboxyl-hydrogen atom is in 
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direct union with oxygen, and its special position suggests it to be the 
replaceable atom. The truth of this supposition has been proved by 
the interaction of silver acetate, C2H3(>2Ag, and ethyl iodide. Ethyl 
acetate is formed, whereas butyric acid would be produced from a com- 
pound with its silver atom attached to the methyl-carbon atom as in 
CH2Ag-COOH. 

8o. At the ordinary temperature the lower members of this series 
of acids are liquid. Th y can be distilled without decomposition, and 
in the concentrated state they have a very irritating and strongly acidic 
odour. They are miscible with water in all proportions. The middle 
members (G4 to C9) have a disagreeable rancid smell. They are of an 
oily nature, and do not mix with water in all proportions. At the 
ordinary tpmi>crature the higher members, beginning with Cio, arc 
solid, are without odour, and in character resemble paraffin-wax. They 
are almost insoluble in water, and at the atmospheric pressure they 
cannot be distilled without, decomposition. All the acids of this series 
dissolve readily in alcohol and ether. Except the first member, they 
are very stable towards oxidizers. 

The acids of the series CnH2ii()2 are termed fatty adds, some of the 
higher members having been f)btaincd first from fats. Their generic 
nsime is formed by adding “(’arboxylic acid” to the name of the 
alkanes, tl«i carboxyl-gro\ip being regarded as a substituent. Propionic 
acid is ethanecarhoxylic acid, oapiylic acid is heptanecarhoxylic-1 acid, 
and so on. 

Many of the fatty acids are natural products, occurring either in 
t he free state or as esters, and are of great theoretical and technical 
importance. The table contains t.he names, formulie, and certain 
physical constants of the normal-chain acids of th(? series: 


Niimr. 

l^oriiuila. 

Melting-point. 

Boiling-point. 

Density. 

Formic! iic!i(l 

CH 2 O 2 

8-3*^ 

101° 

1.2310 (10°) 

Acetic acid 

GjILO. 

1G-671°* 

118° 

1.0532 (16°) 

Proj>i()ni(* ii(‘id 

C lIoOs 

-22° 

141° 

0.9985 (14°) 

l^uivric acid 

C.IIsOa 

- 3 . 12 ° 

162° 

0 . 9.599 (19.1°) 

Val(»ric acid 

C ^olli oOa 

-58.5° 

186° 

0.9560 (0°) 

Caproic acid 


- 1 . 5 ° 

205" 

0.94.50 (0°) 

Heptylic acid 

GtHmO* 

- 10 . 5 ° 

22.S° 

0.9186 (17.2°) 

Caprylic acid 

C,H,c02 

16-5° 

2.37- 5" 

0.9100 (20°) 

Nonylic acid 


12 . 5 ° 

2.54° 

0.9110 (m.p.) 

Capfic acid 

Palmitic acid 

Margaric acid 

Stearic acid 

"010^2002 

31 . 4 ° 

269° 

0.930 (37°) 

("* 10 ^ 32^)2 

Ci7li:j402 

CisHsfiOo 

(>2.(U8° 

G()° 

69.32° 

269° t 
277° t 
287° t 


* At 760 mm. t At 100 mm. 
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Althuugli the boiling-points rise with increase in the number of 
carbon atoms in the molecule, the melting-points of the acids with an 



Fia. 27. — Melting-point Ciikvb of tub Fatty Acids. 


even number of carbon atoms are higher than those of the acids imme- 
ciatoly preceding and succeeding them, with an odd number of carbon 
atoms (Fig. 27). This phenomenon has been observed with other 
homologous series. 

The groups which would remain on elimination of hydroxyl from 
fatty-acid molecules are unknown in the free state, but arc named after 
the corresponding acids by changing the termination “ ic ” into “ yl 

Formyl; 

Acetyl or Methanecarbonyl; 

CaHs-CX), Propionyl or Ethanecarbonyl; 

CsHt'CO, Butyryl or Propanccarbonyl; 

C4Ho'CO, Valeryl or Butanecarbonyl; etc. 

Formic Acid, H COOH. 

8i. Formic acid derives its name from its presence in the organism 
of ants (Latin, formica). It is manufactured by passing carbon mon- 
oxide at a pressure of eight atmospheres over soda-lime at 210®; and 
fonnate is produced also by the interaction of potassium hydrogen 
carbonate and hydrogen at a pressure of sixty atmospheres and a tem- 
perature of 70°. Palladium-black must be employed as a catalyst. 

Moissan discovered a mode of s3mthesis from carbon dioxide and 
potassium hydride: 


KH-I-CO2+HCOOK- 
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A convenient laboratory method for the production of formic acid is 
described in 163. Formic; esters can bo prepared by the interaction of 
carbon monoxide and alcohols under pressure, with alkoxides as 
catalysts; 

R-OH+CO = H-COOR. 

The acid can be obtainecl also liy the oxidation of methyl alcohol. 

Pure formic acid is a colourless liquid of irritating odour. Its salts 
arc termed formates, and arc* soluble in water, some only with difficulty. 

Formic acid is distinguished from its hoinologues by its suscepti- 
bility to oxidation and its consequent reducing power, and also by its 
ready decomposition. Addition of mercuric oxide to a solution of 
formic acid yields a solution of mercuric formate. By filtering this 
solution and warming the filtrate, mcu’curous formate is precipitated 
with evolution of carbon dioxide; on further warming, metallic mercury 
is liberated: 

|5§§i+wco^i 

Mercurio formate formuto 

Hg |OOCH-l-H|C()()| Hg=2Hg+C02+HC00H. 

Mercurous formate 


In this process half of the formic acid in the salt is set free, and half is 
oxidized. When a solution of silver formate is wanned, an exactly 
analogous reaction (uisues; metallic silver is precipitated, carbon 
dioxide is evolved, and half of the acid is liberated. 

Formic acid is capable of und(‘rgoing two tyj>es of decomposition; 

I. H-C00H->Il20+C0; II. H-CXIOH H 12-I-CO2. 

Decomposition I is induced by wanning the acid with concentrated 
sulphuric acid, or by passing its vapour over heated tungsten pentoxide, 
W2O6, aluminium oxide, Al2D;j, or silica, Si02. Other catalysts, such as 
finely-rlivided copp<;r, nickel, stannous oxide (SnO), and zinc oxide 
(ZnO), cause decomposition in accordance with scheme II. 

Under the influence of ultraviolet light of 2500 to 3000 Angstrom 
units, formic acid in aqueous solution decomposers according to both 
schemes I and II, but the extent of the decomposition in accordance 
with II is approximately six times as great as that in accordance with I. 
When the solution is very concentrated, the evolved hydrogen reduces 
the carbon monoxide to methanol (108). 

Obviously the properties of formic acid differ somewhat from those 
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of the other acids of the homologous series in which it is the first mem- 
ber. A similar phenomenon is of frequent occurrence. 

Acetic or Methanecarbozylic Acid, CHs'COOH. 

82. Acetic acid has been known longer than any other acid. It is 
manufactured by two different methods. 

a. By oxidation to vinegar of dilute alcohol, wine, beer, etc., through 
exposure to the air. The oxygen of the atmosphere oxidizes the alcohol 
by the aid of bacteria, the process being regulated to enable these bacteria 
to produce the greatest possible effect. To this end it is important for 
the temperature to be kept between 20® and 35®. 










In the “quick ” proccs.s for the preparafion of vinegar (I’ig. 28), dilute 
alcohol (6 to 10 jjer cent.) is allowe<l to drop on beech wood shavings 

containwi in a vat with a perforatid false 
JD bottom o. Holes in the side of the vat 
IC near the bottotn serve to admit an ascending 
stream of air. oi)|)Osito in direction to that 
of the alcohol. Th(> shavings distribute the 
liquid over a very large surface, thus facili- 
tating oxidation by tlic air, and at the same 
time they serve as a feeding-ground for the 
bacteria. 

6. Acetic acid is obtained in the dis- 
tillation of wood (42). By means of quick- 
lime, the acid is converted into calcium 
ac(*late and i.s freed from tarry impuri- 
ties by heating to 200° in the air. Th<i 
acetic acid is liberated by distilling with 
an equivalent quantity of concentrated 
hydrochloric acid. It can be purified by dis- 
tillation from potassium dichromatc, being very stable towards oxidizers. 

A synthetic method for the preparation of acetic acid is now in 
operation (126). Kolbk’s synthesis of acetic acid is described in 177. 

At temperatures below 16*671® and a pressure of 760 mm., anhy- 
drous acetic acid is solid and has the appearance of ice, hence the name 
glacial acetic acid. The solid acid has a penetrating odour, and is 
obtained by allowing a very concentrated solution of acetic acid to 
solidify, pouring off the liquid residue, melting the solidified acid, again 
allowing it to crystallize, and so on, these operations being repeated 
until the melting-point is constant. A rise of temperature and con- 
traction of volume occur on mixing glacial acetic acid with water, the 


FlO. 28. PREPAIIATION OK 

VlNBOAU BY THK “(JUICK ” 

Phockss. 
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maximum rise and contraction being produced with the propor ion 
one gramme-moleculo of acetic acid to one gramme-moIecuIe of water. 
This fact indicates the exist- 
ence of a compound termed 
orthoHiceiic acid (79), with the 
formula 

CHa-COOH.HoO^ 

CH3-C(0H)3. 

Sometimes a determination 
of the viaconty of a Ii([iiid 
mixture indicates an associa- 
tion of its molc(*ules. The 
viscosity is measiiretl by de- 
termining the rat(i of efflux of 
a known volume of the liiiiiid 
through a capillary. During 
the operation, the maintenance 
of a constant temperature is 

essential, any alteration producing a marked change in the observed value. 
The rate of efflux is proportional to the viscjosity. 

The Jluidity (</>) is the reciprocal of the viscosity ( 77 ), or 0 = -. 



I I I I I I 
Volume - pcrcontaffo 

-Graphic Representation 
Fluidity. 

A CB indicates combination and AB docs not. 


Fig. 29.- 


OF 


As 


indicated by Brigham, the fluidity-curve obtained by plotting the volume- 
percentages of the liquid mixture as abscissa' in a co-ordinate system, and 
the fluidity- values as ordinates, is a siraight line for many binary liquid 
mixtures. For mixtures such as alcoliol and water, acetic acid and w'ater, 
and others, instead of a straight line a curve like ACB fh"ig. 29) is obtained, 
a phenomenon possibly indicative of the union of t^o kinds of molecules. 


A fifty-five i)er cent, solution of glacial acetic acid in water has the 
same density as the pure anhydrous acid. At first, addition of water 
to glacial acetic acid raises the density; further addition of water causes 
it to fall. This circumstance makes it impossible to deU'rmine by the 
simple use of the hydrometer the amount of acid present in such mix- 
tures. 

The best method of ascertaining the strength of very concentrated 
acjetic aiad consists in an observation of its melting-point, a thermometer 
graduated in tenths of a degree being employed. In accordance with the 
formula given in 12 , 

it 3/ = Constant, 

the constant for glacial acetic acid being 39, the presence of one per cent, of 

39 

water (molecular weight 18) would cause a depression (A) of — , or 2*16®. 

lo 
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A thermometer graduated in tenths being readable easily to one-twentieth 

of a degree, the amount of water can be determined to or 0«026 

J • loXiu 


per cent., a degree of accuracy unattainable by titration. 

In the absence of nml for very great accuracy, and also with dilute 
acetic acid, the best method of determining the strength is to titrate a 
weighed quantity of the solution w'ith a standard solution of alkali. 


The vapour-density of acetic acid at temperatures slightly above its 
boiling-point is twice as great as that corresponding with the formula 
Cj 211 a 02, but near 200° it is normal. A similar phenomenon has been 
observed with many acids of this scries and with ot.her substances. 

Absolutely pure acetic acid is not attacked bj'’ chlorine or bromine 
in absence of light. The acid can be prepaied in this condition by dis- 
tilling from phosphoric acid the highly concentrated acid melting 
above 16°. 

83. The acetates, or salts of acetic acid, arc soluble in water, the 
silver salt dissolving with difficulty. A<Idition of ferric chloride to 
a solution of an acetate such as sodium acetate? produces a blood-red 
colour due to the formation of a complex acetoferric acetate, the salts of 
formic acid and of propionic acid reacting similarly. From a solution 
of sufficient dilution, boiling precipitates browm-red basic ferric acetate, 
Fe(’0H)2C2H302, acetic acid being liberated simultaneously. 

The dry distillation of anhydrous sodium acetate with soda-lime 
produces methane: 

CHs • COONa-l-NaOH = CH4+Na2C03. 


This method is not ^applicable to the salts of the higher members of 
this scries of acids, the hydrocarbons being decomposed at the high 
temperature essential for the reaction. 

A very delicate test for acetic acid is the formation of cacodyl oxide 
(73). The extremely poisonous nature of this substance necessitates 
great care in the application of the test. Among the acetates of tech- 
nical importance are lead acetate (“sugar of lead’’), 6n.sic lead acetate, 
and aluminium acetate. The first two are utilized in the manufacture 
of white lead, and the third as a mordant in calico-printing (374). 


Butyric or Propanecarbo^lic Acids, C4HSO2. 

84. Two isomeric acids with the formula C4H8O2 arc known, normal 
butyric or propanecarhoxylic-1 acid, (;3H3*CH2-CH2*COOH, and iso- 

OH* 

butyric or j)ropanecarboxylic-2 acid, qjj^>CH*COOH. The constitu- 
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tion of these acids is indicated by their synthesis, the normal compound 
being obtained from w-j)ropyl iodide, and the zsr>-acid from isopropyl 
iodide : 

CHa-CHa-CHal -> C^Ha CHa CHz-CN CHs-Cma-CHa-COOH. 
CHICHI -.gI'»>CH.CN - gH»>CH.COOH. 

The normal compoun' ' derives its name from the fact that it is obtain- 
able from butter. It is also named ‘‘ Fermentation butyric acid,” as 
under certain conditions it can be produced by the fermentation of 
such substances as sugar, the method most suitable for its preparation. 
It has an extremely disagreeable odour, and can be oxidized only with 
difficulty. 

imButyric acid also has a very disagreeabh^ odour. It contains a 
tertiary carbon atom; and such compounds being oxidized readily, 
oxidation affords a method of distinguishing the normal acid from the 
iso-acid. 

The calcium salts of these acids also exhibit a remarkable difference, 
that of the normal acid being le.ss soluble in hot watt'r than in cold, but 
that of the fso-acid following the ordinary rule and being more soluble 
in hot water than in cold. On b(ung heated to approximately 80°, 
a solution of normal calcium butyrate saturated at 0° deposits a con- 
siderable proportion of the salt. 

In accordance with the principle of mobile equilibrium (“ Inorganic 
("Ihemistry,” 236), calcium n-butyrat(4 should dissolve in water with 
slight evolution of heat, and calcium fsobutyrate with slight absorption 
of heat. This view is supported fully by the results of experiment. 

Higher Fatty or Alkanecarboxylic Acids, CnH2n02. 

8s. Many of the higher members of the series of fatty acids are 
natural products, chief among them being palmitic or pentadecanecar- 
boxylic-1 acid, CioH:«02, and stearic or heptadecanecarboxylic-1 acid, 
Ci»H3c 02, both with normal carbon chains (137). In the form of esters 
of glycerol (iSS), these two acids occur in large quantities as the prin- 
cipal constituents of most animal and vegetable fats, and are obtained 
from them by saponification, a process involving heating either with 
slaked lime (95), or with concentrated sulphuric acid. The mineral acid 
induces slight carbonization, imparting a dark colour to the fatty acids. 
They can be purified by distillation with superheated steam. 

Another method of decomposing the fats into glycerol and a fatty acid 

depends on the action of an enzyme (222) present in castor-seed {Ricinus 
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communis). After removal of the oil, the powdered seeds are mixed 
intimately with the fat; on addition of a dilute acid, such as decinormal 
sulphuric acid, an emulsion is formed. By maintaining the mixture at a 
temperature between 30® and 40° for two or three days, the fatty acids are 
liberated in a very pure state; on gentle heating, the emulsion seimrates 
into two layers, the upiw consisting of the free acids, and the lower of an 
aqueous solution containing between 40 and 50 per cent, of glycerol. 

Twitchell’s i)rocess also depends on the formation of an emulsion. 
A mixture of the fat with water containing a few tenths of one per cent, of 
sulphuric acid is kept in an emulsified condition by means of live .steam, 
the operation being rendered po.ssible by the addition as “Sapouifier ” of a 
fatty-aromatic sulphonic acid such as nai)hthalenestcarosulphonic acid, a 
substance soluble in both water and fat. 


Saponification of fats yields a mixture of acids, semi-solid at the 
ordinary temperature. This mixture contains the two acids cimd, one 
in the pure state melting at 62° and the other at 69°; but with a mix- 
ture of the two each lowers the melting-point of the other ( 25 ). Liquid 
oleic acid, belonging to another homologous series, is present also, and 
can be pressed from the mixture, leaving a white solid substance 
employed in the manufacture of “stcarine" candles. For this pxirpose 
the “stearinc” is melted, and after addition of a small proportion of 
paraffin-wax to prevent crystallization of the fatty acids, and conse- 
quent brittleness in the candles, the molten substance is poured into 
moulds with wicks fastened in their axes. 

Soaps consist chiefly of the alkali-metal salts of the acids contained 
in fats. They arc prepared by saponifying fats with a solution of 
sodium hydroxide or of potassium hydroxide heated to the boiling- 
temperature. PotaSsium-soap is termed “soft soap,” and usually is 
yellow. In some countries it is tinted green by the addition of indigo, 
and then is known as “green soap.” Potassium-soap contains not 
only the potassium salts of the acids, but also the glycerol produced in 
the reaction, and a considerable proportion of water. Sodium-soap is 
hard ; after saponification is complete it is separated from the reaction- 
mixture by “salting-out” through addition of solid common salt to the 
mixture at the boiling-temperature. The sodium salts of the acids being 
insoluble in a concentrated solution of sodium chloride, the soap sep- 
arates in the molten state, forming a layer on the surface of the 
brine, the glycerol remaining dissolved. The soap obtained con- 
sists of the .sodium salts of the acids, with a small percentage of 
water. 

86 . In explaining the cleansing action of soap it is necessary first to 
indicate the causes of the soiling of the skin and clothing. It is duo 



p,,.tly to substances oi a ialiy itfiAxiW, 

rliiy. I'ovuunAy Ibe. acl\ou ut l\\e allri\m\cd Ia) ihe UbetraUon 

(»f fi-('(‘ alkali through hydrolysis, the alkali lx»ing assumed to emul- 
sify the fatty substances and thereViy to nnnove the other impurities 
simultaneously. Later the extent of the hydrolysis was found to be 

N 

very small, being of the c der of . Alkali-solutions so dilute as 

JLUUU 

those formed by the hydrolysis are incapable of emulsifying fats, whereas 
soap-solutions do emulsify them. 

Modern views attribute the cleansing power of soap to its colloidal 
nature. The principal factors involved are indicated in the con- 
text. 

1. The soap must be in solution. Sodium palmitate and sodium 
Stearate are almost insoluble in cold water, but with such wat<;r' the 
soluble; sodium olcate constitutes an ideal washing reagent. The palmi- 
tate and stearate am very soluble in boiling water, and at its temperature 
aix! much Ixitter adapter! for washing than the soaps formed from the 
lower alkanecarboxylic acids, thest; soaps Ixiing less colloidal. 

2. The enuilsifying power is conting<mt on the soap-solution having 
a low surface-tension. It is very'' remarkable how traces of soap, such 
as the proportion present in a solution of sodium oleate of O-OOOIN 
stnmgth, reduce the surface-tension of wah'r by one-twentieth. In 
constMiuence a soap-solution is well adapted to penetrating the capillary 
interstices and eliminating the dirt. 

3. The moishming elTect of the unddeomposed soap in solution. 

4. The power of soap to form with impurities, such as rust, colloidal 
adsorption-compounds incapable of adhering to the material. By this 
means the impurities are removed from the fabric, and remain in stable , 
suspension. 

Soap-solutions belong to a siwcial type of colloids named colloid elec^ 
trolytes by Hain and Salmon. TIunm* substances are salts, and one of their 
ions is a very highly charged particle. For instance, the; anion of sodium 
palmitate consists of several, say ten, palmitate ions united to constitute 
a single particle and carrying the same uuml>er, ten, of negative electric 
charges. The conductivity of such a colloidal electrolyte is wholly com- 
parable with that of an ordinary electrolyte such as sodium acetate; 
because despite the diminution in mobility occasioned by the size of such 
an anion, there is the comjxinsating effect of its high electrical charge. 

The osmotic effect of such an aggregate of ions is the same as that of a 
single ion, and therefore is relatively small. Consequently, the high con- 
ductivity of such compounds is associated with a small, depression of the 
freezing-point and elevation of the boiling-point. 
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Water containing a certain percentage of calcium salts is termed 
" Hard ” (“ Inorganic Chemistry,” 261). With soap such water does 
not lather immediately, but causes the formation of a white flocculent 
substance consisting of insoluble calcium salts of the fatty acids. 
Hard water is unsuitable for washing l)ccausc it prevents the formation 
of a lather, and also because the alkali is eliminated through neutral- 
ization by the acid-radical of the calcium salts (sulphate and carbonate) 
present. 

Electrolytic Dissociation. 

87. On solution in water, molecules of acids, bases, and salts are 
assumed to be resolved into ions charged with opposite kinds of elec- 
tricity (“ Inorganic Chemistry,” 65 and 66). In such a solution an 
acid is dissociated partially or completely into positively chargixl 
hydrogen ions, H' (cations), and negatively charged anions, the phe- 
homenon being cx(‘mplifi(;d by the resolution of acetic acid into H* 
(positive), and (C2H3O2)' (negative). Bases yield a positively charged 
metallic ion and a negatively charged OH '-ion; salts give a positively 
charged metallic ion and a negatively charged acid-radical ion. 

In the solution of a partly-ionized substance there is an equilibrium 
expressible for a monobasic acid by 

ZH «=> Z'+H-, 

Z' representing Ihe acid-radical (Ibid., 66). If y be the volume in litres 
containing one gramme-molecule of the acid, and a be the portion 

€X 

ionized, then th<; concentration of the ions is , and that of the non- 

V 

I— at 

ionizcul portion is - ~ — . The equation n^presenting the equilibrium in 
the foregoing example of a monobasic acid (Ibid., 50) is 


k 


1 


— a 
V 



cr , 

or -;-r ;=». 

i;(l — a) 


In this equation k is constant, and it is termed the ionization-constant. 
This equation has b(*en proved to afford an exact measure of the amount 
of ionization for the very weak organic acids, expressing accurately 
the connexion In'tweem the dilution v and the ionization a. For this 
reason it is entitUnl the? law of dilution. It was discovered by OstwaliD, 
his proccdun: b<*ing to dissolve a granime-molecultJ of an acid in different 

ejuantities of water v, and to ascertain the ionizations a by determining 
the electric conductivity. On substituting the values obtained for a 
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( 88 ] 


and V in the expression , it was found always to have the sanw; 

t'( I — a) 

value, in accord with th(‘ constancy of k. 

The accuracy of this law is evident from tlu' examples in the following 
table: 


Acetic Acid. 

Propionic Acid. 

7i-Butyric Acid. 

V 

100a 

lOVc 

V 

100a 

lO^i 

V j 

100a 

10«(fc 

8 

M93 

0.180 

8 

I-OIO 

0-130 

8 


RBI 

IG 

1.673 

0.179 

16 

1.4.'>2 

0-1 ;i4 

16 


B8BI 

32 

2.. 380 

0.182 

32 

2.050 

0-131 

32 


Eotn 

64 

3-33 

0.179 

64 

2.895 


64 


isn 

128 

4.68 

0. 179 

128 

4.(14 

0-133 

128 

4-292 

0-150 

1024 

12-66 

0.177 

1024 

10-79 

0-128 

1024 

11.41 

0*144 


88. The “strength” of acids depends on their degree of ionization, 
that of strong acids being considerable, and that of weak acids slight. 
Since the constant k rises or falls in value simultaneously with a, and is 
independent of the concentration, it affords a convenient measure of 
the strength of an acid. 

The table indicates the values of lO^k for certain fatty acids: 

Formic Acetic Propionic /(-Butyric Valeric 

2-14, 018, 013,* O-l’s, O-IG 

The ionization-constant, and consequently the strength, of fomiic acid 
are greater than those of its honiolt^ues, another example of the differ- 
ence between it and the other members of the scries. 

A comparison of these acids with such strong mineral acids as sul- 
phuric acid and hydrogen chloride from the point of view of the mag- 
nitude of their ionization-constants reveals the fatty acids to be 
very much weaker. When ?>=IG, for hydrogen chloride 100a=96*o.'}, 
and for acetic acid only 1 • G73. Obviously 100a is the amount ionizetl 
expressed in percentage. 

The weak organic acids follow the law of dilution, but the strong 

mineral acids do n«»t. A perf<‘ctly satisfactory explanation of this phe- 
nomenon has not been suggested hitherto. 












DERIVATIVES OF THE FATTY ACIDS OBTAINED BY 
modifying THE CARBOXYL-GRODP. 


8o The carlKKvI-sioup am Ik' l>y H”' of 

oxyRon atoms or hvilroxyl-p'oup for other olcoienls or Rfolips. Tlie 
compounds descrilK-d in this chapter contain such modilnxl carboxyl- 
gl-oijps. 

I. Acid Chlorides. 


Acid chlorides aiv dorived from aciils })y r{‘})lac‘(‘mt‘iil of tho liydroxyl- 
fp'oup })y chloriiu', and oons(’(iu{‘iitly (‘oiitaiii th(‘ jiroup ( 0( 1. I hoy 
are obtained from the aeids by the action of I Ik* chlorid(‘s of phosphorus, 
PtUo and P(!la, oj- of jdiosphorus oxychloride, POt.'la; 


SCaHoD M • C:00n +2P( da = :5( \J I.,H 1 •('()( H + .‘iH ( 1 


Tho oaso of conversion of the acid chlorides info I, he corresponding 
acidsS proves the chlorine aton> to have replac('d tlui hydroxyl-group. 
For the lower ineinbers this conversion is off('cted m(*rely by bringing 
them into contact with water. If (ho chlorine atom had substituted 
hydrogen of the alkyl-group, there would be no reaction, an alkyl chlo- 
ride not being decomposed by water at the ordinary temperature. 

The lower members of this scries are liquids with a suffocating and 
irritating odour. The chloride corresponding with formic acid is not 
known. Acdyl chloride, CH 3 COCI, fumes in the air, and can be dis- 
tilled without decomposition. It boils at 66®, and at 0® its density is 
M3. 

Acetyl chloride is employed in detecting the presence of hydroxyl in 
organic compounds. The hydroxyl-hydrogen is replaced by acetyl, 
the reaction l)eing exemplified by the conversion of alcohols into esters 
of acetic acid: 

R-0|H-1-C1[QC»CH3=R0»0C»CH3-(-HC1. 

The compound under examination is kept in contact with acetyl chloride 
for some time, either at the ordinary temperature or with gentle warm- 
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inf?. The formuiion of an acc*t.yl-corapound is detected by analysing 
or saponifying the purified product, production of acetic acid by saponi- 
fication proving the prc'senec? of an acetyl-derivative. 

Sometimes tlie homologucs of acetyl chloride are employetl also in 
the detection of hydroxyl-groups. 

n’hc acid <‘hlorides nvict also with the raercaptans, forming substances 
analogous to ac(jtyl-couii)ounds. 


II. Acid Anhydrides. 

go. Acid an/iydridafi are formed by the interaction of the alkali- 
metal salts of acids and acitl chlorides: 


CHa • ( 'O [cn+^jO • ( )( b CH3 = ()< []^ ; -fNaC^l. 


Acetic fin hydride 


The b(!st method of ol>tuining the higher anhydrides consists in heating 
the sodium salts of the higher acids wilh acetic anhydride. 

I'he acid t'hlorkles (uin be reganled as inixtHl anhydrides of hydrogen 
chloride and an organic acid, a view support<‘d by tlieir formation from a 
mixture of these aci<ls by the action of phosphorus pentoxidc* as a desiccator. 

Mixed anhydrides of fatty acids only exist. Distillation decomposes 
them info the anh\’drides of the two acids. 


I’lic lower members of this series are liquids of disagreeable, suffo- 
cating odour. Acetic anhydride has iho density 1*0820 and 

boils at 139*53° under a pressure of 7t)0 mm. At the ordinaiy tcmi)era- 
ture it is soluble in about ten times its volume of water, the solution 
decomposing slowly with formation of acet-ic acid? In this respect it 
differs from acetyl chloride, which reacts momentarily and vigorously 
with water, yielding acetic acid and hydrochloric acid. Ijikc acetyl 
chloride it is employed in testing for the presence of the hydroxyl-group. 
An anhydride of formic acid is not known. 


ni. Esters. 


91. Esters arc produced by the interaction of acid chlorides or 
anhydrides and alcohols: 


CHa-CO Cl-fH 


OC2H5 = CHa • COOCaHs +HC1. 


They are formed also by direct treatment of the alcohol with the acid, 
although extremely slowly at the ordinary temperature: 

CHa • COOH-j-HOCaHs = CHa • COOCaHs-f HaO. 
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Tho velocity of the reaction is increased greatly by rise of temperature. 
Esters are obtained also by the action of the silver salt of an acid on 
an alkyl iodide. 

A characttiristic method frequently applied to the preparation of 
these compounds involves the passage of tlry hydrogen chloride through 
a boiling rnixtimi of absolute alcohol and the anhydrous organic acid. 
After the lapse of some time the reaction-mixture is cooled and poured 
into water, tht? ester separating owing to its slight solubility. The 
formation of (‘sters in this manner can be explaintid by assuming a very 
small pn)portionof the hydrogen chkiride to unite with the organic acid, 
water b(‘ing eliminated, andaminute quantityof the acid chloride formed: 

. COOH+IICl = CH:, • COCn+HaO. 

In acconlance with this equatum for each molecule of acid chloride 
generated there is produco<l an equivalent quantity of water, suflBcient 
<0 n*convcrt the chloride into the organic acid and hydrogen chloride. 
The number of molecules of alcohol available for action on the chloride 
is so much largtir than that of tho mokusules of water as to render th(; 
probability of the formation of an estcir very much grcater than th(j 
probability of the; regeneration of the acid. Th(i prepondc^rance con- 
tinues so long as the proportion of alcohol present greatly exceeds that 
of the water formed; and with tho maximum yield of ester as objective 
th(i organic acid should be dissolved in a large excess of alcohol. The 
formation of (jstera is termed esterification. 

The estcjrs ai’c colourless liqqids of neutral njaction, and do not mix 
with watesr in all proportions. They an; lighter than water, most of 
them having a density between 0*8 and O-Q. Many of them are char- 
acterized by their agrcieablc fruit-like odour, a property utilized practi- 
cally in the manufacture of artificial fruit-esscncfis. isoAmt/l isovalerate 
(b.p. 196°) has an odour of apples, ethyl butyrate (l).p. 121°) of pineapples, 
isoamyl cuelale (b.p. 148°) of pears, and so on. 

Be(^swax is a natural (;ster, and consists chiefly of rnyricyl palmitate, 

Ci.5H3rCOOC;,oHoi. 

Esters can he converted into primary alcohols by reduction, effected 
by adding sodium to a solution of the ester in ether floating tm an aqueous 
solution of sodium acetate, the reaction-mixture l)eing maintained mmtral 
by the ad<lition of acetic acid drop by drop. 

Tertiary alcohols can be synthesized from the esters by means of 
Gkionauu’s alkyl magnesium halides (75) : 


/OMgBr 

R.C^ -|-R'MgBr=R.C:~OC*Hs . 

\R' 


Aclditiozi-procluct 
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The addition-prwluct reacts with a second molecule of the alkyl mag- 
nesium halide: 

/OMgBr 

R.C^JlCsIIi +R"MgBr=ll. 

\R' 

On decomposition with water the tertiary alcohol is generated: 


✓OMgBr 

C^R” +CJl50MgBr. 
\R' 


>/OMgLi' yOII 

R.C^R" +H20 = R.C^R'' *-MgBrOIL 
\R' \R' 


R, R', and R" represent alkyl-groups. 


92. Tho formation of esters has been investigated carefully by 
several chemists, initially by Bektiielot and P£an de St. Giixes. 
Their researches demonstrated the reaction between the acid and the 
alcohol never to bo complete, a proportion of each remaining uncom- 
bined irrespective of the duration of the process. With etpii valent 
quantities of acetic acid and ethyl alcohol, for each gramme-molecule 
of alcohol and of acid present tho final product contains only two- 
thirds of a gramme-molocuhi of tht; ester and an equivalent proportion 
of water, one-third of a gramme-molecule of the alcohol and a like 
proportion of the acid remaining uncombined. The same limit is 
reached through contact of equivalent quantities of an ester and water. 
An equilibrium between the four substances, alcohol, acid, ester, ami 
water, is attained, and is a result of the reversibility of the reaction 
(“Inorganic Chemistry," 50). It may be represented by the scheme 

C2H5.OIH-CTI3.CO.OH CH3.CO.OC2H5 + H2O. 


The equation of equilibrium induced in Ibid., 49 and 50, can be 
applied to the formation and decomposition of esters. It is 

k(p—x)(q—x)= fc'x-, or (p — x)(q — x)= Kx-, 

p being the initial concentration of the alcohol and q that of the acid, 
and X representing the proportion of water and ester present after 
attainment of tho equilibrium. All the quantities are expressed in 
gramme-molecules, and if is a constant. Two opposing reactions 
proceed simultaneously, all tho statements cited {loc, cit.) Ix'ing ap- 
plicable. Given p, q, and K, the unknown quantity x can be cal- 
culated. 

Numerous observations have proved K to equal 0*25 for the system 
ethyl alcohol-^- acetic add. For contact of one gramme-molecule of alcohol 
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(46 g.) with one gramme-molecule of acetic acid (60 g.) both p and g are 
ecjual to 1 , and the equation becomes 

(l-x)»=0-25.r*, or 

One of the roots of this equation is x = §. The other root is equal to 2, 
but as the value of x in this reaction cannot exceed unity, this root 
lacks significance. The efiuilibrium system therefore contains ^ gramrne- 
molecule of alcoh()l-4-\ grttmma-molecAde of noetic acj'd-}-f gramme-molecule 
of walcr4- f gratnnui-moleciile of enter. 

93 . Sov(?ral deductions established by experiimuit long before the 
development of the theory can be made from thci equation 

(p — x){q—x)— Kx-. 


1. The esierfieation is approximately (piantitativcs only w'th a large 
excess of (“ithcr the acid or the alcohol. 

Putting the equation in the form 


p—x 

X 


=K- — 
q—x 


obviously for an infinitely great quantity of alcohol (p) the left-hand 
side= 00 . With q=x the right-hand side also is ecjual to co , all th(j 
acid having been converted into ester. This statement holds also 
when the ratio of the quantity of acid to alcohol is infinitely great, the 
whole of the alcohol changing into ester. 

Although these considerations indicate esterification to be complete 
only in presence of an infinitely great excess of acid or alcohol, in practice 
a very nearly theoretical yield of ester is oVitained with a finite ratio between 
the quantity of acid and alcohol, or between that of alcohol and ackl. 
With 1 gramme-molecule of acetic acid anti 0 * 0 ."» grainmc-niolecule of 
alcohol the etjuilibrium corresf)onds with 0*04t) grainmtvmolecule of ester, 
and the conversion of the alcohol into the ester is almost complete. With 
the gramme-molecular proportion of acetic acitl and alcohtd as 1 : 8 , the 
equilibrium corresponds with 0*1)67 gramme-molecule of ester, and there 
is almost complete conversion of the acid into ester. 


2 . The alcohol and the acid exercise a similar influence on the 
formation of esters. This fact can be demonstrated by preparing a 
mixture containing a certain number of acid molecules and n times as 
many alcohol molecules, and another with the proportions of acid and 
alcohol reversed, the number of molecules of acid converted into ester 
in the first mixture being found to be equal to that of the molecules of 
alcohol converted in the second. 
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For a mixture of p grammo-rnolccules of alcohol and nv gramme- 
molecules c)f acid, t he ('quation iKicomes 

X np—x' 

Inversely, addition of np grainme-moloculcs of alcohol to p gramme- 
molccuhis of acid corresponds with 

np—x _ X 
X p—x 

These t^quatioris are identical. 

3. The addition of a (quantity of the (‘stcr to the niixture of the 
alcohol and the acid at the b(*ginning of the experiment has a similar 
elT'ct on the formation of est(*r as adding an equivalent quantity of 
water. 

When r gramme-molecules of water or of (‘ster are added to a mix- 
ture containing p gramme-molecmles of alcohol arul q gramme-molecules 
of acid, the equation for both types becomes 

{p-x){q-x) =Kx{x+r), 

indicating the ecjuilibrium to be influencied to the same extent by the 
addition of an eciuivah'iit quantity of wat(‘r or of est(;r. 

94. A tyi>ical application of the pyinciple of mobile equilibrium 
(“Inorganic Chemistry,” 236) can be made to the formation of esters. 
Although the velocities t)f formation and decomposition of esters depend 
greatly on the temperature, a change in it has very small effect on 
the ecpiilibruim. At 10° the limit of esterification is 65*2 per cent.; 
at 220° it is 66*5 per cent. In acrcordance wnth the principle of mobile 
equilibrium, this fact indicates a very small heat of formation for the 
ester, a theoretical assumption established by expcrinnmt. 

For the e.sterification of primary, secondary, and tertiary alcohols with 
trichloroacetic acid, CCb-COOH, jMichaki. proved the velocity-constant 
k to have a much higher value for primary alcohols than for the secondary 
and tertiary compounds. For n-propyl alcohol A: X 10® =725, for isopropyl 
alcohol 98. For secondary and tertiary alcohols the value of the constant 
is of the same order; for secondary butyl alcohol, CHj-CHOH^CsHb, 
fcXl0*=90; for trimethylcarbinol, (CH.t)5C«0H, it is 118. For methyl 
alcohol the constant has a much higher value than for other primary 
alcohols, since A;X10®=3G90. All these determinations were made at a 
temperature of 25°. 
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In these and numerous other reactions the velocity-constant depends 
not only on the nature of the interacting substances, but also on various 
other factors, and can therefore be augmented or diminished. An example 
of its increase through addition of acids is given in 91, and another in 95. 
Moukeu investigated numerous examples of negative catalysis, whereby 
a reaction can be decelerated by addition of a veiy small quantity of a 
substance. In connexiun with the formation of esters Bailet discovered 
an important instance of this phenomenon, induced by adding a trace of 
pyridine, seven parts of this catalyst to 100,000 parts of the solution reduc- 
ing the velocity of the reaction to about half its normal value. 

As a necessary preliminary to reaction between two or more molecules, 
they must be in such very close proximity as to cause collision with one 
atiothcr. For gases the number and energy of such collisions can be 
calculated. All the molecules of a gaseous mixture or of a solution do 
not react simultaneously, for otherwise the velocity of reaction would be 
infinitely great. Originally only molecules with a velocity exceeding a 
certain limit were assumed to be capable of reacting with each other. 
This assumption appears to bo untenable, because for different conditions 
of temperature, pressure, and concentration it is possible to calculate 
accurately the number of molecules with a velocity exceeding a selected 
limit, and their number is not proportional to the velocity-constant. 

Many years ago Arrhenius suggested a hypothesis to explain the facts, 
and with the lapse of time it is attracting increasing attention. It |X)stu- 
latcs the necessity for the molecules to be in an active stale as a condition 
of ability to interact. 

9$. The conversion of an efjtcr into an acid and an alcohol by a 
mineral acid or an alkali is termed saponification from analogy to the 
formation of soap from alkali and fat (85). It is represented by an 
equation of the type 


CHa • COOC2H5+H2O = CHa • COOm-C2H.r,OH, 

the action of the mineral acid being catalytic. Its presence only 
accelerates the saponification, the same result being possible of attain- 
ment without it, though the time required would be incomparably 
longer. If the concentration of the ester be Ci, that of the water be 
C2, and X be the quantity of ester saponified during the time t, the 

dx 

velocity of saponification S = — for each moment can be represented 

at 

by the equation for bimolecular reactions (“ Inorganic Chemistry,” 51): 

S=~^k{Cx-x){C2-x) 


( 1 ) 



§951 


ESTERS 


111 


With a solution of an ester in a veiy large proportion of water the 
concentration C 2 , of the water is altered only very slightly by the saponi- 
fication, and it can be included in the constant, the equation being 
simplified to that for a unimohicular reaction, 

~^=k,{C^-x) C2) 

The saponification of asters by bases can be represented by an 
equation of the type 

CHa • COOCaHs+NaOH = CH 3 • COONa+CaHsOH. 

It is a biinolecular reaction, and const*qucntly (equation ( 1 ) is applicable 
to it. 

The velocity of saponification of esters by acids depends largely 
on the acid, and increases with the strength of the acid. Its value 
has been proved to depend on the extent of electrolytic dissociation of 
the acid cmploy<;d, indicating th(! ssiponifying action to be due to 
the hydrogen ion common to all acids. The velocity with bases is 
much greater than with acids, the ratio of the velocity-constants 
K for the saponification of methyl acetate by decinormal solutions 
of potassium hydroxide and hydrogen chloride being 1350 : 1. The 
velocity of saponification by bases depends also on their electrolytic 
dissociation, a phenomenon exemplified by ammonium hydroxide. 

It is ionized to a considerably loss exttmt than potassium or sodium 
hydroxide, and saponifies much more slowly than either of these bases. 
Saponification is therefore caused by the hydroxyl-ion common to all 
bases. 

The velocity of ester-saponification is proportional to the con- 
centration of the hydrogen ions or hydroxyl-ions, and can be employed 
in determining this concentration. Ky its aid, the dcgret^ of hydrolytic “ 
dissociation of potassium cyanide, carbonates of alkali-m(>tals, and 
other salts can be ascertained, and also the hydrogen-ionization of pri- 
mary salts such as potassium hydrogen sulphate, IVHSO 4 . The non- 
ionized portions of the molecules are assumed not to exert any influence. 

In the technical saponification of fats with slaked lime ( 85 ) a much 
smaller proportion of the base is employed than that needed to neutral- 
ize all the acid obtained, but the saponification is complete. This 
phenomenon is due to the veiy weak character of the higher fatty acids, 
their salts undergoing partial hydrolytic dissociation; and also to the 
fact of the very sparing solubility of these acids in water causing them 
to separate almost completely from that solvent. Notwithstanding 
the excess of acid, enough of the free base (hydroxyl-ions) to effect the 
saponification is present. 
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In addition to their decomposition by hydrolysis, causing the formation 
of an alcohol and an acid through the addition of the elements of water, 
the esters can undergo alcoholysis in accordance with such a scheme as 

R- COOCH,-bC4H,OH = R • COOC4H,+CH,OH. 

In this reaction one alkyl-group replaces the other. The transformation 
can be induced at the ordinary temperature under the influence of a small 
proportion of an alkoxidc as catalyst. 


IV. Acid Amides, CnlWi-CONIIa. 

96. Add amides are formed by the action of ammonia on acid 
chlorides or anhydride.s, a method affording a proof of their constitution: 

C„H 2 „+ 1 • CO (C;! + 11 ! NII 2 = C„H CONH 2 +HCI; 


C„H2„+i-C0 

C„H2„+i-C0 


> 


P-h 


HNH 2 
H 


= 2 C„n 2 „ H X • CON1I2+H2O. 


Acid amides are formed also by strong heating of the ammonium salts 
of the fatty acids, and by distilling the sodium salts with ammonium 
chloride, one molecule of water being eliminated : 


CnHonn 1 • COI PNH2 IH2I = C,Jl2„ ,1 • CONH2 + H2O. 


On warming the carbonitriles with acids, two molecules of water are 
added, with formation of the clxrrcsponding acids (79). By dissolving 
the carbonitrile in concentrattjd sulphuric acid this reaction can be 
modified so as to limit the addition of water to one molecule, amides 
being obtained : 


C„H 2 „ hi • CN-I-H 2 O = CnH2n^l- CONH 2 . 


The transformation indicates the acid amides to be intermediate products 
in the conversion of carbonitriles into acids. Distillation with such a 
dehydrator as phosphorus pentoxide converts amides into carbonitriles 
by elimination of water, whereas boiling with dilute acids or alkalis 
produces the corresponding acids by addition of the elements of water. 

The action of ammonia on esters produces acid amides: 

CH 3 • CO ^)C2H5+§ NH 2 = CHa • CONH 2 + CaHsOH. 

The acid amides are solid crystalline compounds, except the liquid 
fonnamide, H-CONHa. The lower members are soluble in v’ater, and 
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in the pure state are odourless. Acetamide, CII:fC0NH2, molts at 
82°, and distils at 222°. The remarkably high boiling-point of this 
substance is worthy of notice. Some sixscimens of it have a strong 
odour suggestive of the oxcronumt of mice, due to slight traces of 
impurities. 

The acid amid(‘s and the amines differ greatly in their behaviour. 
Unlike the bond between carbon and nitrogen in the amines, that in the 

— C\ -group of the amides is scvercid reedily by boiling with acids 

\Nri2 

or alkalis. Further, the basic properties of ammonia are weakened 
greatly by the exchange of one of its hydrogen atoms for an acid-radical; 
and although salts of acid amides do exist, they are d(;composed by 
water. Acetamide hydrochloride, UH3*C’()‘NH2,HC1, formed by pass- 
ing dry hydrogen chloride through an ethereal solution of acetamide, 
furnishes an example. The acid amides ev(‘n possess acidic properties, 
an aqueous st)Iution of acetamide dissolving mercuric oxide to form a 
compound with the formula ((^II,{'CX)NH)2lIg. 

The behaviour of the amid(;s and amines towards nitrous acid is 
analogous, the corresponding acids and alcohols being produced by 
exchange of the amino-group for hydroxyl (65). 

Amide.s can be converted into primary amines by a method descril)ed 
in 259. 

97. Other (hirivalives obtainable from the acids by substitution in 
the carbo.xyl-group are described below. 

A mino-cMorides are ])ro<lnccd by the action of phosphorus pentuchlorido 
on tlu* acid amides; 

R . CONila+PCU = R- CCl.* NII2+POCI3. 

Only the compounds with one or both of tJie hydrogen atoms of the amino- 
grou]>, XII2, replaced by alkyl are stable. The amino-chlorides yield 
imino-chloridcs, R-CCl : NH, by the elimination of one molecule of hydrogen 
chloride, the same comiK)unds being formed by the addition of this chloride 
to carbonitrilcs. 

Imino-ethers have the constitution R*C'^ , and can be regarded as 

^OR 

the product of the replacement of the doubly-linked oxygen of the carboxyl- 
group by the imino-group, NH. They are obtained by combination of 
alcohols and carbonitrilcs under the influence of dry hydrogen chloride: 

,.NH 
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The well-crysfcallized hydrochlorides of the imino>ethers are converted by 
ammonia into the hydrochlorides of the amidines: 

^NH,HCI ^NH,HC1 

RC^ +NH,=RC^ +C,H.-OH. 

The amidines are unstable in the free state, but are strongly monobasic, 
and form stable salts. 

Amidoximes are addition-products of the carbonitriles and hydroxyl- 
amine, \H.OH; 

^NOII 

R.CN-fIl2NOH= R. 

^NH, 


They yield salts with both acids and bases, and with an alkaline solution of 
a copper salt give a ffoceulent muddy-brown or green precipitate, a reaction 
affording a characteristic test for them. 

Acid hydrazides are produced by the action of hydrazine, HiN — NHt, on 
acid chlorides or esters, indicating their constitution to be Il*C0NH*NH2. 
Nitrous acid converts them into acid azides: 


R.CONH •NH,-|-HNO,=R - CON, +211*0. 

The acid azides are volatile explosive substances, and some yield well' 
developed crystals. 



ALDEHYDES OR ALEANALS, AND KETONES OR ALEANONES. 


98. Both the aldehydes and ketones have the general formula 
CnH2nO. They are produced by oxidation, the aldehydes from primary 
alcohols and the ketones from secondary alcohols. Both classes of 
alcohols have the general formula CnH2n+20, each oxidation involving 
the elimination of two hydrogen atoms. 

On further oxidation an aldehyde takes up one oxygen atom, forming 
the corresponding acid with the same number of carbon atoms, CnH2nO 
being converted into CnH2n02. This reaction proves an aldehyde to be 
?n ’r .ermediate product in the oxidation of a primary alcohol to an 
acid (45): 

CnH2n+ 2 O — > CnH2nO — > CnH2n02. 

Primary alcohol Aldehyde Acid 

A primary alcohol has the constitutional formula CnH 2 n+i'CH 20 H, 
and on oxidation yields an acid CuH 2 n+i-C 00 H. In this reaction the 
alkyl-group, CnH2n+i, is not altered, and it must bo present in the 
aldehyde, indicating the two hydrogem atoms removed from the alcohol 
by oxidation to belong to the group — CH2OH. 

In accordance with these facts two structural formulae arc possible, 

R-Cf and R-C— OH. 


The improbability of the existence of iree bonds or of bivalent carbon 
atoms in compounds constitutes a strong reason against the adoption 
of the second formula. This formula points also to the presence in an 
aldehyde of a hydroxyl-group, whereas the aldehydes possess none of 
the properties peculiar to substances containing that group. This lack 
is exemplified by their inability to form esters or ethers, and by the 
fact of phosphorus pcntachloride not replacing hydroxyl by chlorine, 
but effecting the exchange of the oxygen atom for two chlorine atoms. 

The second formula not representing the properties of the aldehydes, 
the first formula must be correct. This view is supported by the 
formation of aldehydes by the interaction of acid chlorides dissolved 
in moist ether and sodium, the chlorine atom being replaced by a 
hydrogen atom: 

CaHr-c/ 


Cl 

0 


CsHt-C 


V) 


n-Butyryl chloride n-Hutyraldehydc 

The aldehydes therefore contain the group — CT . 
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99. Ketones are produced by the removal by oxidation of two 
hydrogen atoms from secondary alcohols (45). Like the aldehydes, 
ketones lack the properties peculiar to hydroxyl-compounds, proving 
one of the hydrogen atoms to have been removed from the hydroxyl- 
group. Putting aside the possibility of the development of free bonds, 
the second hydrogen atom eliminated must have been attached to the 
carbon atom in union with oxygen, or to another carbon atom. The 
two types are represented below, R and R' being alkyl-groups; 


CII2R 

I. 

CH2R 

CH2R 

II. 

CHR 

1 

CIIOH 

I 

1 

1 

l>0 

CO , or 

CHOH 

-»CH . 

CII2R' 

1 

CH2R' 

I 

CH2R' 

1 

CH2R' 


For reasons analog<)us to those for aldehydes, formula I is more 
probable than formula 11 . The products obtained by the oxidation of 
ketones indicate formula I to represent the constit ution of this class of 
compounds. 

The general formula for secondary alcohols is 


R-CH2*C^CH2-R'. 

\OH 


From such an alcohol two acids, R^CHj'COOH and R'^CH2’COOH, 
are obtained by strong o-xidation, the carbon chain in some of the 
molecules being severed to the ‘right, and in others to the left, of the 
CHOH-group. This reaction furnishes a means of identifying the 
alkyl-radicals attached to the group — CjHOH — in a secondary alcohol. 
Since on oxidation ketones yield the same acids as the corresponding 
secondary alcohols, the alkyl-groups of the secondary alcohols must 
remain unchanged in the ketones. This fact excludes the structure 
represented by formula II and indicates formula I to be correct. 

Ketones therefore contain the carbonyl-group — CO — in union with 
two carbon atoms. 

Aldehydes can be regarded as ketones with an alkyl-group replaced 
by hydrogen. 

Nomenclature. 


The names of these compounds are formed from those of the corre- 
sponding hydrocarbons with the same number of carbon atoms by 
replacing the final e by al for aldehydes and by one for ketones. 

When the term aldehyde is employed, the members of the aldehyde 
series are named after the parent acids: formaldehyde, H-CHO; 
acetaldehyde, CHa^CHO; propionaldehyde, C2H,i5*CHO; valeraMehyde, 
C4H9 • CHO, etc. If the name ketone be used, the members of the ketone 
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series are denoted in accordance with the alkyl-groups present in them. 
dime^ylketone, CHa-CO-CHa; m^ylpropylketone, CHa-CO-CaH?, etc. 

Methods of Formation. 


xoo. Several methods besides the oxidation of alcohols are applicable 
to the preparation of both aldehydes and ketones. 

1 . Dry distillation of the salts of the fatty acids, calcium acetate 
yielding acetone: 


CHa-COlO 


CHa-CO.CHa+CaCOa. 


The conversion of acetic acid and propionic acid into the corresponding 
ketones is effected readily by passing the vaporized acids over aluminium 
oxide heated to a temperature alcove 400®. 


Distillation of a mixture of an equivalent quantity of a formate 
and the salt of another fatty acid produces an aldehyde; 


CsHr-COlONa 

H COONa 


= G 1 H 7 • C^j^+Na2CQ3. 


On distilling a mixture of the salts of two different fatty acids, excluding 
formates, mixed keUmes are obtained; 


CHa-Cq/ONa 
CaHa- 1 COONa I 


= CHa- CO- CzHa+NaaCOa. 

JMethyletbylketonc 


Ketones are formed readily by passing the free acids as vapoiu* 
over precipitated aluminium oxide*, AI2O3, at 400°. * 

2 . Aldehydes or ketones can be obtained by heating with water 
compounds containing two halogen atoms attached to a single carbon 
atom : 

CHa • CH fCb+Hal O = CHa- CHO+2Ha. 

Ethylidcne chloride 

3. Primary or secondary alcohols in the gaseous state passed over 
finely-divided copper dust, obtained by reduction of copper oxide 
between 250° and 400°, yield hydrogen and aldehydes or ketones: 

C„H2„+I • OH = H2 + r„H2nO. 

4 . A useful procedure for preparing alkanals only involves bringing a 
carbonitrile in ether solution into contact with stannous chloride and gaseous 
hydrogen chloride. The reactions produce an aldimine hydrochloridei 
R-CN+IIC1=R-CC1:NH; 

R-CCl : NH+SnCl 2 + 2 HCI =R- CH; NH.HCl+SnCh. 

Aldimine 

hydrochloride 
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Decomposition of the aldiniinc hydrochloride through the action of warm 
water yi(*lds the alkaiial: 

R • (" 1 1 : N II, IK :i -h I I,f ) = R • CII0+ XIIiCl. 


!). An important method for the preparation of ketones, but not of 
aldehydes, is tin* interaction of acid chlorides and zinc alkides (75)> And 
subsequent decomposition with water. An initial addition-product is 
formed, its production l)eing due to the transformation of the double 
bond of the oxygen atom into a single bond; 

yCHs /OZnCHa 

CnHzn+l * 

Water converts this addition-product into a ketone: 


\ 


0|Zn |CH3 H] Q 


CHa 

+ 

CA 

H 


= aH2B+i • CO* CHa+ZnO-l-CHi-l-HCl. 


101 . The power of forming addition-products is common to the 
aldehydes and ketones. This property is due to the double bond of 
the oxygen atom, its conversion into a single bond liberating a carbon 
linking and an oxygen linking, and thus enabling the aldehydes and 
ketones to form addition-products with the following elements and 
compounds. 

1. Hydrogen . — ^An addition-product is pro<luced by the action of 
socliwa-amalgam on an aqueous .solution of an aldehyde or ketone; 
or by passing the vapour of the ahlehy^le or ketone mixed with hydrogen 
over heated, finely-divided nickel. I’rimaiy alcohols are formed from 
aldehydes, and secondary alcohols from ketones. 

2. Sodium hydrogen sulphite . — ^Agitation of aldehydes or ketones 
with a very concentrated atpieous solution of sodium hydrogen sul- 
phite yields a crystalline addition-product: 

/OH 

CoHs* C^j^-l-NaHSOa = CoHs* C^OSOaNa. 


This constitution is a.ssigued to these compounds because of their 
ready conversion by the action of dilute acids or of sodium-carbonate 
solution into the corresponding aldehydes or ketones, mere solution in 
water effecting this change for the higher members. This reaction 
makes the existence of a direct bond between sulphur and carbon 
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highly improbablo (59). Soinotimos tho primary siilphito compounds 
arc termed incorrectly “bisulphite” compounds. I'liey dissolve 
readily in water, but are insoluble in very concentrated solutions of 
the primaiy sulphite. 

All ketones do not yield tlwise addition-product.s. They are obtained 
most readily from tliose with one methyl-group in direct union with 
carbonyl, or meth3'lketones. 


Often primary sulphite is very serviceable for the purification of 
aldehydes or ketones, or for separating them from reaction-mixtures. 

3. Hydrogen cyanide . — On contact of an aldehyde or ketone with 
anhydrous hydrogen cyanide and a drop of an alkaline aqueous solution 
of potassium carbonate, potassium cyanide, or a similar substance, 
combination ensues: 




CH3 

Call.'-, 


>C< 


OH 

CN- 


Addition of a small proportion of acid renders the catalyst inoperative, 
and the cyanohydrins or hydroxycarhonitriles formed can be obtained in 
the pure state by vacuum-distillation. This synthesis is important in 
view of the conversion of th(‘ cyanohydrins into hydro.xy-acids by hydro- 
lysis, a reaction affording a nieatis of sj-nthesizingsuch compounds (179, 5). 

102. With OuiG.NAun’s alkyl magnesium halides (75), aldehydes 
or k(‘tones form addition-products, and with wat(‘r these derivatives 
yield secondary or tei'tiary alcohols; 


H 

II- ir • Mg-l == R- C^O- Mg* 1, 


Aldehyde 


H 

\r' 

Addition-product 


H 


2R- CO- Mg- I-I-2II2O = 211- CHOH - R'-h MgT2+Mg(OH)2 ; 

• Soronilary aIc-i>hol 


2J}^>CO-|-CIl3-Mg-Br = 


CH3 

CH3 


>C< 


0*Mg-Rr 

CH3 


A PC tone 


Addition-product 


^CHa 


>C< 


O- Mg- Br_,_2H20 = 2(CH3)3C- OII-hMgBra+MgCOII).,. 

Trim,'thy!carl>iiiol 


103. Other reactions characteristic of both aldehydes and ketones 
depend on exchange of the doubly-linked oxygen atom for other atoms 
or groups. 
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1. PhoKpfionis petit tichJ or idc roplsu’os the oxygon atom tiy two 
chlorino atoms. 

2. Hydroxi/loittine reacts in aia-onJanco witli the equation 

nil >('()+ n;ji N( )I r = cl ^ ' ^OH+Hao, 

oximcn being produced. Tho^o from aldeliydes are termed aldoxino., 
and those* from kc(on.*s Moxiiiies. This reaction is of veiy general 
Application. The* oximes an* either crystalline solids or liquids, and 
possess both acidic and basic propertie*s. Bases n*plaee the liydrogen 
of the hydroxyl-group l)y a metal; acids form addition-products, the 
reaction being similar to the pnxhiction of ammonium salts: 

(CHi)-. -N()II,FICI. 

liyilrofhlorulit 

On boiling with dilute hydrochhiric acid, the oximes take up one 
molecule of water, yielding hydro.xylamine and either an aldehyde or a 
ketone. 

The constitution of the o.ximes is discussed in 237. 

Energetic reduction converts the oximes into amines; 

R 2 C=-NOH+ 4 n = R:;CNH2-1 H2O. 

TT 


The akioxirnofi are transformed r(»adily into the corresponding 
carbonitrilcs by the action of dehydrators such as acetic anhydride . 

CnH^n+l • C--NfOH -> C„H2 „+i • CfeN. 

fH 


Ketoximes undergo a remarkable rearrangement of the atoms in the 
molecule or intramolecular trnneformatum, named after its discoverer the 
“Beckmann transformation.” It is induced by an agent such as acetyl 
chloride, the ketoximes yielding acid amides with substituents in union 
with the nitrogen atom: 

ll-C.R' 

II -»R.CO.NIIR'. 

NOH 

OxiiTK) Aniido 


The behaviour of aldehydes and ketones with phenylhydrazine, 
CoH 6NH*NH2 (310), is exactly analogous to that with hydroxylaminc: 


R 


R 


R'> CjO+^N- NH- CeHs = g,> C=N- NH- CoHb+HsO. 

Phenylhydrasinc Phenylhydraaone 


The substances formed are termed hydrazones, and are either well- 
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defined crystalline compounds or liquids. Heating with hydrochloric 
acid causes addition of the elements of water, with formation of phenyl- 
hydrazine and the corresponding aldehyde or ketone. Phenylhydra- 
zine and hydroxylarnine are important reagents for detecting the 
presence of the carbonyl-group. 


The (;oiistitution of the phenylhydrazones is established by the action 
on aldehydes end ketones of the alkylphenylhydrazines. Those derivatives 
of phcnylhydrazino are obbiined by replacement of the hydrogen of the 
iinino-group, — NH, by an alkyl-group, and exert an action on aldehydes 
and ketones similar to that of phonylhydrazine itself, indicating exclusion 

/Nil 

of the structure RaCc • 

\N-C(iIL 


Confirmatory evidence is furnished by 


the inability of phenylhydrazincs lacking an unsubstituted amino-group 
to form hydrazones. 


ALDEHYDES OR ALKANALS. 

104 . Most of the aldehydes arc liquids of characteristic, disagreeable 
odour, the lower members of the series being miscible with water in all 
proportions. They boil at temperatures appreciably lower than the 
corresponding alcohols. Ethanol or acetoMehyde, C 2 H 40 , boils at 22**; 
ethanol, C 2 H 6 O, boils at 78°. 

In addition to the properties common to both aldehydes and ketones 
( 101 - 103 ), aldehydes have their own special properties. 

1 . Aldehydeammoma . — Acetaldchydeammonia is produced from 
ammonia and acetaldehyde; 

C2H40-]-NH3 = C2H4ONH.,. 

Acctaldchydo Acetaldehydeammonia 

It is precipitated in the form of white crystals by the slow introduction 
of acetaldehyde into liquefied anhydrous ammonia, or by gradual 
addition of a concentrated aqueous solution of ammonia to the alde- 
hyde at low temperature. It is very soluble in water, and melts at 
96°-98°. Acids decompose the aldchydeammonias into an aldehyde and 
ammonia; potassium hydroxide is unable to effect this decomposition. 

At the ordinary temperature the molecular formula of acetaldehyde- 
ammonia is throe times its empirical formula. By drying over sulphuric 
acid it loses water, becoming transformed into a substance of the formula 
(CHs'CHNHls, (105) a polymeride of ethylidenoiinine. Water reconverts 
this product into acetaldehydeammonia. 

2 . Acetals . — An aldehyde combines with two molecules of an alcohol 
with elimination of water and production of an acetal or diaVeoxyaUcane: 
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Aootals arc ohtainod ivadily by addition of the ahlohyde to a one per 
cent, solution of anhydi’ous hydrogen chloride in th<‘ alcohol. As water 
acts on acetal, n'general iiifi; ald(‘lmlo and al(;ohol, the reaclion is not 
complete, Ixsins liniil(*d by the rcwei-se transformation. Both the 
formation and decomposition of acetal are accelerated considerably by 
the powerful (iatalyfic influence of a small proportion of a strong mineral 
acid. The acefals ai’e liquids of aromatic odour, and distil without 
decomjjosition. They an^ not attacked l)y alkalis, but are resolved by 
acids into the parent compounds. This fact supi)orts the indirect 
union tlirougli oxj'gen of the alkjd-groups and tlu* aldehyde-r(?sidue 
expressed in thi* structural formula, the stability of a carbon chain 
being sufficient to resist, tin* action of such r(‘ag<'nts. 

3. Reaction with acid anhydrides . — Addition-products arc obtaiiKui 
with acid anhydrides: 

( ’lb, • ( ()((X)CH3)2 = CHa • CH < ^coCHa’ 

\cotip anhydride 

These compounds ai‘e analogous to the acetals. I’hej'^ are decomposed 
easily into the corresponding acid and aldehyde by water, and still 
more readily by alkalis. 

105. Two types of addition-products are formed by the union of 
aldchytle molecules. Addition of a few drops of concentrated sulphuric 
acid to acetaldehyde, a liquid boiling at 22°, causes the mixture to 
become warm, and then to ])oil. violently. At the end of the reaction 
a colourless luiuid r(*seml)ling the original fluid is obtained, but it 
boils at 124°, about H)()° higher. The empirical formula of this com- 
pound is the same •as that of acetahlehyde, C2H4O, but its vai)our- 
density is three times as great, indicating its molemdar formula to be 
CoHi 2 (),s. This sul)stanc(‘, paracetaldchydc, is converted readily into 
acetaldehyde; by distillation with dilute sulphuric acid, another example 
of a reaction limited by the reverse transformation: 

Cf,n,20:,^3C2Tl40. 

The final etpiilibrium must bo independent of the nature of the acid 
catalyst (“Inorganic Chemistry,” 50,) as has been proved for this 
reaction by exiJcrinw'nt. The same equilibrium must be attained 
without the aid of any catalyst, but the change proceeds so slowly as to 
render experimental proof impossible. A direct union between the 
carbon atoms of the three aldehyde molcctiles in paracctaldehyde is 
improbable, and the existen(!e of an indirect linking through the oxygen 
atoms must be assumed, as accounting for the ease of resolution of the 
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molecule of paracctaldehyde. The compovmd is not attacked by 
sodium, indicating the lack of hydroxyl-groups. It has not any of the 

characteristics of aldehyd(‘s, proving the absence of the group — 

These properties are expressed by the constitutional formula 

(Jfij-C C-CJJa 

I I 

o o 


IV 


CH-a 


The union of two or more nioleeul(‘s of a substaiK^e to form a deriva- 
tive capable of reconversion into the original compound is termed poly- 
merization. 

io 6 . Tinder the influence of dilute alkali-solutions aldehyde mole- 
cules combine with production of compounds of a difft'rent type. An 
afpicous solution of acetaldehyd<‘ warmed with conccnitratetl jmtassium 
hydroxide becomes yellow, aiul after a short time I'cddish-yellow amor- 
phous masses are precipita(<'d. The aldehyde has reunified, and the 
reddish-yellow substance formed is named aldehyde-rcfiin. Addition t)f 
dilute potassium hydroxide (or sodiuni acetate, xme chloride, etc.) to 
acetaldehyde yields a substance with the same enii>irical composition 
as acetaldehyde, but with double the molecular formula, C4llsf)2. 
This compound is aldol, a litpiid callable of distillation without d(‘coin- 
position under diminished jiressure, and readily polymeri/i‘d. It pos- 
s(;sses the properties characteristic! of ald(*hyd(‘S5 exemplified by its 
oxidation to an acid with the same number of carbon atoms. This 
a(!id has the; formula diHsOs, and is a n-hydroxybutyric acid, or 
w-butyric acid with one hydrogen atom of the; alkyl-group replaced by 
hydroxyl. It can Ix! converted into ?/-butyric acid, with a chain of 
four carbon atoms, proving the jn’esencc' of a similar chain in aldol. 
Obviously the formation of aldol involves the union of the aldehyde; 
mol(‘cules through the cai-bon bonds, a vic‘W supported by failure to 
reconvert aldol into a(!(‘taldehyde. The conibination of the aldehyde 
molecules to form aldol can be repiesented by the equation 


CH3-c][5^ICII2-Cq 


= CH3-C^CH2-C 

\()H 


TI 

O’ 


.^Idol 


This constitutional formula expresses the properties of aldol. 
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Instead of explaining the fonnafion of aldol by assuming the eoinliina- 
tion of one of the hydrogen atoms of one ukh'hyde molecule with tli,. 
oxygen atom of ajiother to form hydroxyl, an aldehyde moleeule might l>e 
suppo^ed to unite with a molecule of water, the addition-produet formed 
reacting with a seeoinl moleeule of aldehyde with elimination of water: 


H 

CH, = c:n, . r < J J ; 


H 




on 


H 


CH . • ( ’IK ) = ril 3 . o < 

Al.tol 


+H50. 


Often reactions are explained by assuming the formation of such addition- 
products and the subse(iuent elimination of water. In a few instances this 
assumption has been verified experimentally. 

Aldol is both an alcohol and an aldehyde, hence its name, aW(ehyde- 
alcoh)oI. The union of molecules through carbon bonds as in the 
formation of aldol, with the production of compounds not reconvcrtible 
by any simple method into the original substance, is termed condensation. 

Probably aldehyde-resin is a product of the continued condensation of 
the aldol molecules with elimination of water, ju.st as under the influence 
of heat aldol itself loses one molecule of water readily, with formation of 
crotonaldchyde (:42): « 

CH, . CHOH . CH, . C Q - H,0 = CH, . CH : CH . C Q ’ 

• Aldol Crotonaldchyde 


The mechanism of the condensation of the higher aldehydes always 
involves transposition of a hydrogen atom in union with the carbon atom 
carrjdng the n]dehydc~fi:roup of one molrcule, this hydrogen combining 
with the carbonyl-oxygen of ai other molecule to form hydroxyl, Ihc 
liberated carbon valencies becoming saturated simultaneously : 


C„H2n+l-CHH 

J.hI 




~b j Q C/»CniH2ni^-l — 


Cnllzn+i .CH.CHOH.C«H2 «+i. 


WiELAND made some interesting e.xperiments on the oxidation of 
aldehydes to acids. The old theory assumed the direct union of the alde- 
hyde with an atom of oxygen : 


R .CHO-f O = R .COOH. 
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WiELAND prox'od tlio mechanism of acid formation to depend on an 
initial combiiiiition of the aldehyde with water, the addition-product formed 
subse(iuontly losiiiR hydrosen through oxidation to w^ater: 

11 . Clio 1 11,0 =■• R • ( ;h roll) ^ ; 

R • CH (OI D 2 = R . coon + 2II • 

2H-f-0 = H,0. 


Anitation of an n(]ueons solution of aldehy«le with palladium-black in 
absence of air produces the correspondiTiK acid and palladium hydride. 
On access of aii* or on addituai of an oxidizer, the hydrogen attached to the 
metal becomes oxidized, and (here is a further formation of acid. 'J’hc 
l)resence of water is (issontial to the jiroduction of acid, for although anhyd- 
rou.s aeetald<'hyd<! and flry silv(*r oxide do not react, addition of water 
in.stantly induces energetic oxidation. 

By means of analogous exjjerimenls, Wiri.and demonstrated the 
conversion of primary alcohols into aldehydes to be dependent on the 
abstraction of two hydrogen atoms from the CHsOlI-group. 


Tests for Aldehydes. 

107 . The following tests serve for the detection of aldehydes. 

1. Resinification with alkalis. 

2. Reduction of an ammoniacal silver solution. This solution is 
prepared by adding excess of potassium hydroxide to a solution of 
silver nitrate, and then exactly sufficient ammonia to dissolve the pre- 
cipitated silver oxide. Warming this liquid with a dilute aqueous 
solution of an aldehyde is attended by the deposit on the sides of the 
tube of a beautiful mirror of metallic silver. 

3. Addition of an aldehyde to Sciiiff’s reagent, a solution of magenta 
(373) decolorized by sulphurous acid, restores the colour. 

Formaldehyde or Methanal, II *04. • 

108 . Formic acid is the first member of the homologous series of 
fatty acids, and it has certain properties not poss(^ssed by the higher 
members ( 81 ). Formeddehyde affords another striking example of this 
phenomenon of disparity between the first and succeeding members of 
a homologous series. 

It is obtained by the oxidation of methyl alcohol, effected by passing 
a mixture of air and the alcohol-vapour over a hot spiral of platinum 
or copper. The heat produced by the reaction suffices to raise the 
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temperature of the spiral fo redness, and to maintain it at that point, 
provided the strciain of gas is passetl over it with sufficient velocity. 
In view of its ready solubility in water, the formaldehyde produced is 
absorbed by that solvent. 

This aldehyde is a prodiKjt of the ineonii)lete combustion of wood, 
of peat, and of many other organic substances. This fact explains its 
presence in traces in the atmosphere, especially in that of large towns. 
Its formation from methane and ozone is also noteworthy. 

Formaldehyde has a veiy pungent odour. At the ordinary tem- 
perature it is gaseous, but cooling with solid carbon dioxide and 
ether yields a liquid boiling at —20°. Even at this temperature 
polymerization begins, and at higher temperatim's it proceeds with 
explosive energy. Evaporation of thti aqueous solution produces 
paraformaldehyde, a crystalline polymeridc melting at 63°, and of 
unknown molecular weight. On corujentrating a solution of formalde- 
hyde with strong sulphuric acid, only part of tlu^ fonnaldehydc is 
evolved as gas, the rest polymerizing to a white ciyslalline mixture of 
a-, /3-, and y-polyoxymeihylene. The molecular weights of these poly- 
meridcs arc not known. Their reconversion by heat into formalde- 
hyde proves them to be true polyinerides. Prolonged heating of the 
7-varicty with water yields another polymeridc, 8~polyoxymethylene. 
With ammonia at the ordinary temperature formaldehyde does not 
give an aldehydeammonia, but the complex compound hexamethyl- 
enetetramine, (CH2)f,N.i. It is a ciystallinci and veiy hygroscopic 
basic substance, and is employed as a medicine under the name 
“Urotropine," Between 120° and 160° and at increased pressure, 

methylamines are formed: 

« 

2NH3+3CH20 = 2Nri2*CH3 +CO2+H2O; 


2NH3 + QClhO = 2NH ((313)2 +2f '( >2 + 2II2O ; 


2NH3+9( ’H2O = 2N((;H3)3+3( ;()2+3H2(). 


With potassium hydroxide formaldehyde does not resinify, but is 
converted into methyl alcohol and potassium formate: 

2CH20-I-K0H = CH3OH-+-HCOOK. 

This transformation is named Cannizzaro’s reaction after its dis- 
coverer. It is of great importance in many biological processes (221). 
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The oxime of formaltlehyth' also polymerizes readily. Formalde- 
hyde and its derivativ(‘s display a much greater tendency towards 
polymerization than the oth<?r aldehydes and their derivatives, and 
differ from thenx in their behaviour with ammonia and with potassium 
hydroxide. 

An aqueous solution containing forty per cent, of formaldehyde is 
the commercial product “ Formalin," After dilution, it is employed 
as a disinfectant and in the preservation of anatomical specimens. It 
possesses the remarkable property of converting protein substances 
into a hard clastic mass quite insoluble in water. The contents of a 
hen’s egg undergo this transformation through contact with formalin 
for half-an-hour; brain-substance attains the consistency of india- 
rubber; and a solution of gelatin is converted into a hard, transparent, 
insoluble, odourless mass, reducibki to a fine jiowder. Before develop- 
ment, photographic films with a basis of gedatin are immersed in a 
dilute solution of formaldehyde for a short time to render the gelatin 
insoluble. 

The condensation of formahlehyde is discussed in 206, 

An addition-product of formaldcdiyde and sodium sulidioxylate, 
NalTSOj, with th<‘ formula C'IlA)*NaHSO?,2Il2t), is «d)tain(Kl by lioiling a 
solution of the primary sulptiite cotniH)und of formaldehyde with zinc-dust. 
Under the name “ Hongalite ’’ it finds technical application in the reduction 
of vat-<lycstuffs (405). 

The concentration of a fonnalin solution is determined by adding 
excess of a .solution of twice normal .sodium hydroxide, and then hydrogen 
peroxide, the aldehyde being conv«*rtc*<l cfmipletely into formic acid. The 
cxce.ss of alkali is cstimatefl by titration, and from the result the amount of 
formaldehyde can be calculated, one molecule of the aldehyde yielding one 
molecule of the acid. 


Acetaldehyde or Ethanal, CII»‘ 




109. Acetaldehyde is the typical aldehyde of this scries, having all 
the properties characteristic of aldehydes as a class. It is obtained by 
the oxidation of ethyl alcohol by nteans (rf potassium dichromatc and 
sulphuric acid, and is a liciuid boiling at 22°, and solidifying at — 120-6°. 
In the dilute state it has a disagreeable odour. It polymerizes readily 
to paracctaldehyde, C6H]203 (105), or to metacetaldehyde. The molecu- 
lar weight of metacctaldchydc is not known with certainty, but cryo- 
scopic determinations point to the formula (C2H40)4, or to a polymeric 
multiple of it. Metacetaldehyde forms well-developed acicular crystals, 
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and hcfrins to sablimo at 150°. Neither it nor paracctaldehyde exhibits 
tho aldofiydo roactions, a characteristic exemplified by the inability of 
alkalis to rosinify them. 

The iiitcT-n^lationj^hip of acotald(‘hydc, para cot aldehyde, and motacctal- 
dehydo is still a matter of doubt, but certain facts have been established 
definitely. Acetald(*hyde is convertcKl into paracetald(‘hydc by the action 
of various catalysts, amonp; them sulphuric acid at ordinary or somewhat 
raised temperature, metac^otaldehyde also being pi*odiiced in small propor- 
tion. (iood cooling of th(^ licjuid immediabJy after addition of the catalyst 
yields as the main product well-developed needles of metacctaldchyde, but 
parac(it aldehyde is formed also, rnder the influence of the catalyst rise of 
temperature decomposes the inetacetaldcdiyde with production of acetalde- 
h^'de and para(j('tald(ihyde. No direct transformation of metacetaldehyde 
into parac('fald(‘hydc has been observed, the mechanism of the transforma- 
tion probably im'olving a preliminary complete depolymerization to 
acetaldehyde, followed by the formation of paracetaldehyde. 

Addition of a very small proportion of sulphuric acid to ice-cold acetalde- 
hyde g('iu*rates metacetaldehyde, converted by further addition of sulphuric 
acid into paracetaldehyde. (.^alcium chloride, a much less energetic cata- 
lyst, also induces the formation of metacetaldehyde, paracetaldoh3'de 
being i)roduced only in traces. Those facts indicate the equilibrium 
betw(}cn acetaldeh^’de and metacetaldehyde to be attained much more 
readily than that betw(H?n acetaldehyde and paracetaldcdiydc. The pre- 
dominance of f)aracetaldehyde or metacetaldeh^ale in the ternary s^’^stem 

•- 

Paracetaldeh^^de Acetaldehyde ^ Metacetaldehyde 

is dc^penchMit on t,he experimental conditions, temperature being a very 
important factor. 

In practice acetaldehyde is transformed into paracetaldehyde by 
addition of sulphuric acid, the catalyst being rendered inoperative by 
neutralization of the acid after completion of the reaction. The acetalde- 
hyde and paracetaldehyde can be separated readil^d^y distillation. Inversely, 
the conversion of paracretaldehyde into acetaldeh^’^de is effected by addition 
of sulphuric acid, and distillation of the mixture from a water-bath. The 
volatilization of the acetaldehyde upsets the equilibrium, causing the 
catalyst to decompose a fresh portion of paracctaldeh^^de. The acetalde- 
hyde produced distils, and the process continues until the conversion into 
acetaldehyde is complete. 

In preparing metacetaldehyde, the acetaldehyde is cooled to a low 
temperature, and dilute sulphuric acid is added. Metacetaldehyde crys- 
tallizes, and can be isolated hy filtration. The mode of reconverting it 
into acetaldehyde is similar to that described for paracetaldehyde. 
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KETONES OR ALKANONES. 

no. The properties characteristic of the ketones are described in 
101-103. The first member of the homologous series cannot contain 
less than three carbon atoms. 

Ketones have tht' general formula ll*CO*R', and by oxidation are 
divided always at the carbonyl-group (99), oxidatitm occurring at that 
part of the molecule alrea<.4y containing oxygen (45). The fission can 
take place in two different ways: 

R-1C().R' or R-CO-IR'. 

I 11 

Methylnonylkctone, CHa* jCO'ICoTTig, can yield formic acid, CH2O2, 

1 11 

and capric aciil, C10H20O2; or acetic acid, C2H4O2, and pelargonic acid, 
CgHrsOa," the fission occurring at the point indicated by line I or at 
that denoted by line II. The oxidation is such as to induce decom- 
position at both points simultaneously, four acids being obtained. 
Two of them may bo identical, as in the oxidation of methylethyl- 
ketone, CH3*CO*C2lI.'5, to acetic acid and accdic acid by fission at II, 
and formic acid and propionic acid by fission at I. Usually the reaction 
leaving the carbonyl in union with the smaller alkyl-residue predomi- 
nates. In this manner oxidation affords a means of dctoi-mining the 
position of the carbonyl-group in the ketone molecule. 

The ketones are distinguished from the aldehydes also by their 
behaviour towards ammonia, this reaction having been investigated 
carefully for acetone, the first member of the .series. By elimination 
of water it yields complex substances such as diaceimieamine, C0H13NO 
or (2C3HGO+NH3 — II2O), aiul triaceloneamine, 

(WInNO or (SCsHoO+NHs- 21120). 

The ketones do not polymerize, but are capable of forming con- 
densat ion-pro<luct s. 

Acetone or Propanone, CH.3- CO« CH3. 

III. On the manufacturing scale acetone is prepared by two 
methods: 

1. By the dry distillation of calcium acetate, or by passing the 
vapour of acetic acid through a tube containing a mixture of lime and 
magnesia heated at 485°. 

2. By the yeasting of potato-starch or of other carbohydrates with 
a special kin d of yeast, butyl alcohol being formed simultaneously (46). 
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Acetone is present in normal urine in very small proportion, bul. in 
much greater proportion in pathological cases such as Diabetes mellitm 
and Acetonwria. It is a liquid of peculiar peppermint-like odour, boils 
at 56*3®, solidifies at -93*9®, and at 0® has the density 0*812. It is 
an excellent solvent for many organic compounds, and is miscible in all 
proportions with water, addition of salts such as potassium carbonate 
causing the liquid to separate into two layers. By reduction it is con- 
verted into wopropyl alcohol (150), and it yields a crystalline oxime 
melting at 69®. Condensation-products derived from acetone arc con- 
sidered in 143 and 282. 

Svlphonal is .an imfwrtant soporific, and is prepared from acetone. In 
presence of hycirogen chloride, acetone unites with ethylmcreaptan with 
elimination of water: 


(Clh) jCO+ 2 IIS . = (CH3) ,C(SC2H5 )o+ II2O. 

Dimothyldiotliyl- 

inorraptolo 


Oxidation with potassium permanganate converts the two sulphur atom.s 
of this compound into sulphone-groups, forming diethylsulphonodimcthyl- 
inet/iane, (CH3)2C(S02C2Hs)2f or sulphonal. It crystnllizas in colourless 
prisms, solulile with difficulty in cold water, and melting at 126°. 

The sojKjrific action of sulphonal must be ascribed to its ethyl-groups. 
Dimethyliiulphonedimethylmethane (1) lacks this property; but as its 
methyl-groups are replaced by ethyl-groups, the hypnotic power becomes 
augmented, attaining its maximum in tetroml (IV): 


f 

CH, SO2CII, 

I V/ 

I. * 

CHj SO2C2IL 

n. X 

CII, SO2CH, 

CHa SOaCaHs 


Sulphonul 

CjHs HOsCjHe 

C2II5 SO2C2IIS 

III. 

IV. X 

CH3 

C2HS SOiCalls 

Trional 

Tctronal 



UNSATURATED HYDROCARBONS. 


I. ALKENES OR ALKYLENES, CnH2B. 

Methods of Formation. 

1 12. Ihe alkenes are formed in the dry distillation of complex car- 
bon compounds, a fact accounting for their presence in coal-gas to the 
extent of four to five per cent. 

2. They arc produced by elimination of the elements of water from 
the alcohols CnHj>n+20; 

C.-,ir,i.OH = CVJTio+H20. 

Sometimes this transformation can be effected by heat alone, as 
with tertiary alcohols, but usually it is necessary to warm the alcohol 
with a dehydrator such as concentrated sulphuric acid (54 and 115) 
or zinc chlorid(‘. Water is eliminat'd mon^ rc'adily from the second- 
ary and tertiary alcohols than from the corresponding primary com- 
pounds. 

3. They can be obtjiiru'd by abstraction of hydrogen halide from 
ilkyl halides, effected by hc'ating with alcoholic potash, a solution of 
X)tassium hydroxide in ethyl alcohol : 

C^nll2n+ iT+ KOC2H5 = CBH2„+Kl-f-C2H50H. 
i.n other is formc'd also (55) : 


C„H2„+ J I + KOC2H5 = Cnlhn f 1 OC2H5 + KI. 


Vith alkyl iodides the main reaction follows the first equation, the 
econdary and tertiary iodides being adapted specially for the produc- 
ion of unsaturated hydrocarbons. 

The names of the members of this series are derived from those of 
he saturated hydrocarbons by altering the termination “ane” to “ene” 
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or “ylene.” These compounds are denoted by the general name 
alkenes or alkylenes. 


Name. 

Formula. 

Boiling-point. 

Name. 

Formula. 

Boiling-point 

Kthene 

CjH 4 

-103° 

w-TTopt.pnp 

CtHm 

98“ 

Propone 

C,H, 

- 48“ 

n-Ortonc 

C*H„ • 

124“ 

n-Biitcne 

C4H8 

- 5“ 

w-Nf)nenf» . 

CdHis 

163° 

n-Pentene 

CsH.o 

39“ 

»-Deoono 

O 101 I 20 

170“ 

n-Hexene 

Cell, 2 

68“ 

«-Undecenc 

C„H22 

195“ 


The position of the double bond in the molecule is indicated by the 
identification number of the first carbon atom attached to it. The for- 
mula CHs-CHiCH-CHs represents 6Mfene-2, and (CH3)2C:CH2 cor- 
responds with methyl-2-pi'opene-l. 

Properties. 

113. The lower members of this homologous series are gases, and are 
slightly soluble in water; the higher members are liquids or solids 
insoluble in water, but soluble in alcohol and ether. At their melting- 
points the densities of the lower members arc about 0-63, rising with 
increase in the numlx;r of carbon atoms to 0*79 approximately. They 
arc only slightly higher than those of the corresponding saturated 
hydrocarbons, but their refractions are much greater (120). Like the 
saturated hydrocarbons, the alkenes are colourless. 

Their most important chemical property is the power of form ing 
addition-products, and on account of it they are said to be unsaiurated. 
Addition-products are obtained very readily by the action of the 
halogens, esptjcially bromine, on the alkenes and other substances con- 
taining a double bond, a structure identified by the decolorization of 
bromine-water. Another test for the pi-esence of a double bond, sug- 
gested by VON Baeybr, involves agitation of the substance with a 
dilute solution of potassium permanganate and sfidium carbonate. 
Owing to the reducing action of comfjouuds containing a double carbon 
bond, the violet colour of the permanganate quickly disappears, with 
formation of a brown-red fiocculent precipitate of hydrated manga- 
nese dioxide. Compounds of other classes, such as aldehydes, react 
similarly with potassium permanganate, the test being applicable only 
in their absence to hydrocarbons, imsaturated acids, and a few other 
substances. 

Of the hydrogen halides, hydrogen iodide reacts most readily with 
the alkenes; but, in presence of bismuth chloride or bromide, gaseous 
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hydrogen chloride and bromide are absorbed rapidly. Alkyl halides 
are formed in these reactions. 

The hydrogen halides react with the alkenes by addition to form 
the alkyl halides, hydrogen iodide combining very readily. 

Remarkable phenomena were discovered by Norkis in connexion with 
the interaction of ethene and chlorine or bromine in the gaseous state. 
When a dry mixture of ethene and gaseous chlorine diluted with air is 
passed through a glass tube at 0 °, addition takes place with measurable 
velocity. The pro|)ortion of dichloroethane formed can be ascertained 
through pressure measurememts, for the pressure of the gaseous mixture 
diminishes as the reaction proceeds. The value of the velocity-constant 
determined for a bimolecular reaction depends on the cross-section of the 
glabs tube, and is greah^r for a narrow tube than ff)r a wide one. This 
phenomenon can be explainc'd by assuming the reaction to take i)lace on 
the glass wall of the tube and not in the oi)en space within it. There are 
many examples of acceleration of njactivity l)etw<‘en gjiseous substances 
induced by the tube wall. For ethene and chlorine the nature of the solid 
wall enclosing the reacting gases can be demonstrated to influence the 
velocity of the reaction. In a glass tube having its inner surface carefully 
coated with a layer of parallin-wax, the velocuty is twelve hundred times 
smaller than in an uncoated glass tube; but if the surface bo covered with 
a layer of stearic acid, the velocity-constant is of the same order of magni- 
tude as with an uncoatcsl glass tube. There appears to be a catalytic 
effect exerted by the inner surface of the reaction vessfd. 


Concentrated sulphuric acid yields the alkylsulphuric acids by 
addition, it being necessary sometimes to employ the fuming acid. 
The addition of sulphuric acid, like that of the hydrogen halides, induces 
inion of the. acid-residue with the unsaturated carbon atom attached 
>o the smallest amount of hydrogen. An example is the conversion 


)f isobutene. 


CHs 

CHa 


>C:Cn2, by sulphuric acid or hydrogen iodide into 


CHa 

CHa 


>C— CHa 
OSOaH 


or 


CHa 

CHa 


>C— CHa 


formally in such addition-reactions there is a tendency for the numlx'r 
f methyl-groups to incn*ase. 

Hypochlorous acid. Cl- OH, also can give addition-products termed 
iloro-alcohols: 

CH2==CHa+Cn . OH = CHaCl - CH2OH. 

2-Chloroothanoi 


Ethene 
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X14. Alkenes can form condensation-products, butene and the pent- 
enes yielding them under the influence of moderately dilute sulphuric 
acid, although ethene cannot be condensed similarly. The condensation 
may be explained by assuming an initial addition-product with sulphuric 
acid or alkylsulphuric acid to be formed, and to react with a second 
molecule of the alkem*: 


pxx (CH3)2C— CHa 


pSOi tH-l-Hl HC : C(CH 3)2 


((^3)20— CH3 

► I 

HC=C(CH 3)2 


The simplest member of this series would be methene or methylene^ 
CH2, but it has not been isolated. Various attempts to prepare it have 
been made, one method being by the elimination of hydrogen chloride 
from methyl chloride. Such experiments have resulted always in the 
formation of ethene instead of methene, two methene-groups uniting to 
form a single molecule. 


Ethene or Ethylene, C2H4. 

1 1 5. Ethene is a gas, and usually is prepared by heating a mixture 
of ethyl alcohol and sulphuric" acid. Ethylsulphuric acid is the initial 
product (54), and on further heating decomposes into ethene and sul- 
phuric acid : 

C 2 H 5 SO 4 H = (;2H4+n2S04. 


It is desirable to add as a catalyst five grammes of anhydrous aluminium 
sulphate per 100 c.c. of liquid. In the preparation of ether ($6) the 
temperature is maintained below a certain limit, and fresh alcohol is 
added continually, but in this reaction a higher temperature is employed, 
and no alcohol is added. At the temperature of the reaction, sulphur 
dioxide and carbon dioxide are produced, but can be removed from the 
ethene by passing it through dilute alkali. 

Newth’s method consists in adding ethyl alcohol drop by drop to 
phosphoric acid heated to 200°, and yields a purer product. 

Ethene can be prepared also from ethene bromide, C2H4Br2, by 
removal of its two bromine atoms, effected by bringing it into contact 
with Gladstone and Tribe’s coppeivzinc couple. 
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Ethene possesses a peculiar sweetish odour, and bums with a 
luminous flame. The gas can bo condensed to a liquid l)oiling at 
— 102-3 and solidifying at —169-4°. It is slightly soluble in water and 
in alcohol. When passed into bromine; it is converted quickly into eth- 
ene bromide, C 2 H 4 Br 2 ( 148 ). It is absorbed readily by concentrated 
sulphuric acid at 170°, with formation of ethylsulphuric acid. Sabatier 
found a mixture of hydrogen and etheno to be changed compl(;tely into 
ethane by passage over finely-divided nickel at temperatures und(;r 
300° ( 28 ). 


Pentenes or Amylenes, CsHio- 

116 . A mixture of isomeric pentenes and pentane is prepared tech- 
nically by heating fusel-oil ( 43 ) with zinc chloride. 

The isomeric pentenes can be separated by two methods, also appli- 
cable in other similar cases. One is based on the solution at a low 
temperature of some of the isomerides in a mixture of equal volumes of 
water and concentrated sulphuric acid, with fonnation of amylsulphuric 
acids, the other isomerides being insoluble. Simultaneously this process 
converts part of the amylenes into the condensation-products diamylene 
and triamylene. The other mode of s(;paration depends on difference in 
the velocity of formation of addition-products between the isomeric 
pentenes and hydrogen iodide. 


The Stmeture of Unsaturated Compounds. 

1 17 . Hitherto the existence of a double carbon bond in the alkcnes 
has been assumed arbitrarily, but other modes of representing the con- 
stitution of unsaturated compounds are possible, 

1. Existence of bivalent or tervalent carbon atoms: 


IX III III 

CH3— C— 0H3, CH2— CH— CHs. 


2. Existence of free bonds: 

a. On one carbon atom only: 


CHa— C— CH3. 
A 



136 


UNSATURATKD HYDROCARBONS 


I§117 


6. On different carbon atoms: 


CHa— CH— CH2. 


3. Existence of a double carbon bond: 


CHa— (:: ii=ch2. 


4. Existence of a closed chain or ring: 


c:h2-ch2. 

(;ii2 


In 1 13, unsaturatcd compounds are stated to be convertible into 
saturated compounds by addition of atoms or groups. The constitu- 
tion of these addition-producits, coupled with the formation of unsatu- 
ratc'.d products by the eliitunati<)n from the saturated compounds of 
hydrogen halide and other substances, facilitates decision between 
these four possibilities. 

The same addition-product would be formed with a bivalent carbon 
atom as with two free bonds on the same carbon atom. Assuming 

IT 

propeno to have either the constitution CH;rC«CH;} or CHs'C'CHa, 

A 

the addition of bromine produces the ssimc substance, CHa-CBra-CHa. 
Similarly, the a.ssumption of hirvalent carbon atoms, or of free bonds 

in HI 

on different carbon atom.s, leads to the same result; CH2*CH2 with 
two tervalent carbon atoms, and CH2*CH2 with free bonds, yielding 

with bromine the same addition-pn)duct, CH2l3r*CH2Br. In view of 
these facts, at this stage it is unnecessary to consider cases 1 and 2 
separately. 

It is proved readily that addition does not take place only at a 
single carbon atom of unsaturated compounds, or ethene chloride, 
C2H4CI2, would have the constitution CH;j*CHCl2, and ethene itself, 
CH.tCH. Ethene chloride would be identical with the product 
obtained by the action of phosphorus pentachloride on acetaldehyde, 
CH;j*CHO, for exchange of the oxygen atom of the aldehyde for two 
chlorine atoms yields a compound of the formula CH-j-CHCU. Ethene 
chloride is different from the compound C2H4CI2 (ethylidene chloride) 
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got from acetaldehyde. Similarly, propene chloride, CiHaCb, formed 
by the addition of chlorine to propene, is not identical with 
the reaction-product obtained from acetone and phosphorus penta- 
chloridc, CH3*CCl2*CH3 (chloroacetone), nor with that from pro- 
pionaldehyde, CH3*CH2-CHCl2 {propylidene chloride). h]thene* 

therefore cannot have either the formula CHs-CH or 

A 

nor propone any of the formulse CHs-C-CH;!, CH3-CH2-CH, 

A A 

CHs ■ C . CHa, or CH3 • CH2 • CH. 

1 18. A further insight into the structure of the unsaturated 
compounds is derived from other considc*rations. Propene is 
obtained by the elimination of hydrogen iodide from w-propyl iodide, 
CHs'CHa-CHal. The same compound is produc(‘d by similar abstrac- 
tion from isopropyl kxiide, CHa-CJHl-CIla. Accordingly propene 

c:;ii2-cn2 

cannot have cither the formula CH2 *0112 *0112 or , the 

I 1 (::ii2 

111 111 

remaining possibilities being CHa-CH-CHa, CHs'CH-CHo, and 
CH3-CH:CH2. I I 

isoButene, C4H8, is formed similarly by the elimination of hydrogen 
iodide from either isobulyl iodide, (CH3)2C [h! CH2 [l! , or tertiary btUyl 
iodide, (CH3)2C |l f • CH 2 [h| , indicating it^to have one of the formulae 

111 ITT 

(CH3)2C-CH2, (CH3)2C%CH2, and (CH3)2C:CH2. Each example 

• I 

proves the removal of hydrogen halide from an alkyl halide to consist in 
the elimination of a halogen atom avd a hydrogen atom attached to two 
carbon atoms in direct union 

Other examples serve as further illustrations of this principle. In 
accordance with it, removal of hydmgen iodide from a pentyl iodide, 

*01121, should yield a pentene, C5H10, with the constitution, 

(?^®>C*CH2. Theory and fact agree, for the addition-product of 

the action of hydrogen iodide on this pentene is not the original pentyl 

iodide, but one with the formula ^'^^>CI*CH3, as is established by 

replacement of iodine by hydroxyl, and comparison of the tertiary 
alcohol obtained with that of the same formula prepared by the syn- 
thetic method described in 102. 
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The constitution of another pentyl iodide, (CH3)2CH*CH2*CH2l, 
convertible into a pentene, CsHio, by elimination of hydrogen iodide, 
can be established similarly. With hydrogen iodide this pentene yields 
another pentyl iodide, (CH3)2CH-CHI*CH3. The constitution of this 
compound is proved by its conversion into an alcohol oxidizable to a 
ketone, and therefore secondary. 

Butlehow proved the impossibility of removing hydrogen halide 
from compounds with the halogen atom and the hydrogen atom not united 
with carbon atoms in juxtaposition. By addition of two bromine atoms 
he converted isobutene, (CIIii)2C:CH2, into (CH3)2CBr'CH2Br. Elimi- 
nation of hydrogen bnunide from this dibroniide produced (CHj)iC:CHBr, 
its constitution being inferred from its oxidation to acetone: 

(CH,)2C|:CHBr-> (Cll3)2CO. 

It was not possible again to eliminate hydrogen bromide from monohromo- 
buiene, (CH2)2C:CHBr, no hydrogen being attached to the carbon atom 
in direct union with the CIIBr-group. 

1 19. The arguments advanced have reduced to three th(! constitu- 
tional formulae possible for the unsaturated hydrocarbons. 

1 . Two free bonds on two carbon atoms directly attached : 

RCHC^HR'. 


Ill 111 

2 . Tervalent carbon atoms in direct union: R*CH'CH*R'. 

3 . A double bond between two carbon atoms: R*CH:CH*R'. 

For several reasons the preference is given to the formula with the 
double bond. First, it would be n*markable if only carbon atoms in 
juxtaposition could have free bonds or Ix) tervalent. Second, experi- 
ence has demonstrated the total luck of unsaturated compounds with 
an uneven number of free bonds or with tervalent carbon atoms. Next 
to the saturated hydrocarbons (;JnH2n+2, come in order of the number of 
hydrogen atoms,, CnH2ti, CnH2n-2, etc. Hydrocarbons, C„H2n+i, 
CnH2n-i, etc., with one or three free bonds, or with tervalent carbon 
atoms, are unknown, all attempts to isolate such products as methyl, 
CH3, and ethyl, C2H.<5, having failed. The facts afford no support for 
the assumption of the existence either of free bonds or of tervalent 
carbon atoms. In addition the development of a double linking involves 
the elimination of hydrogen halide from adjoining carbon atoms in 
direct union, and excludes the possibility of the formation of such com- 
pounds as CnH2n+i. Only the assumption of the existence of the 
double bond explains the observed facts. 
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By analogy the lack of free bonds in the unsaturatcd hydrocarbons 
indicates their absence from other compounds containing atoms 
doubly linked, trebly linked, and so on. Such atoms are exemplified by 
nitrogen in the nitriles and oxygen in the ketones. 

120. At first sight the assumption of the existence of multiple 
bonds presents certain difficulties connected with the power possessed 
by all such compounds of forming addition-products. As has been 
stated several times, carbon bonds are not severed easily (36), but the 
double carbon bond is converted very readily into a single bond through 
the formation of an addition-product. The invariable severance of a 
chain at its double carbon bond by oxidation presents an even more 
remarkable phenomenon. A satisfactory explanation of it is afforded 
by the frequent possibility of proving the absence of a direct rupture 
of the carbon chain at the double bond, an initial addition-product 
being formed by the taking up of two hydroxyl-groups: 

^CH '^CHOH 

II becomes | 
yCH ^dllOH 

Many such derivatives have; been isolated. Oxidation continues 
always at the point of its initial inception (45), and further oxidation 
of such a compound must cause a severance of the carbon chain at the 
position previously occupietl by the double bond. The rupture of the 
unsaturated chain by oxidation therefore involves the formation of an 
intermediate addition-product, and an explanation of the ease of the 
addition can be derived from a consideration of the nature of the bonds 
between the atoms. An affinity or bond can be regarded as an attrac- 
tion exerted by one atom on another. For an atom with more than 
one affinity, the attraction is assumed to be exerted in more than one 
direction, and to be concentrated at certain points of its surface, as 
that of a magnet is localized at its two poles. Any other assumption, 
such as the equal distribution of the attracting force over the whole 
surface of an atom, would involve a difficulty with respect to the pos- 
session by each clement of a dcitcrminate valency. If quadrivalent, 
the carbon atom must have on its surface four such points or “poles,” 
situated at the angles of a regular tetrahedron (48). With a single 
l)ond between two such poles on different carbon atoms, their mutual 
attraction causes the atoms to approach one another as closely as 
possible. 

VON Baetisb has suggested the mobility of these poles on the sur- 
face of carbon atoms, this characteristic inducing a degree of “strain ” 
tending to make the poles revert to their original position. The con- 



140 


UNSATURATED HYDROCARBONS 


[§ 120 


version of a single bond between two carbon atoms into a double bond 
must causr* an api)rcciable alteration in the directions of the affinities 
of each carlmn atfnii, 


(' (J- 


becoming — C — ^ — (>- 


T'he resulting strain is a cause of the facile rupture of the double bonds. 
VON Bakykk's .strain theory affords an explanation of other important 
phenom(‘iia also. 

Eviilently the double bond must not be regarded as a m<!rc duplica- 
tion of the single bond, as the expression “double bond ” might be sup- 
po.sed to indicate. 

As has been derntmstrated, the presence of a double bond exerts a 
great influence on chemi(;al properti(!s, but its effect on physical proper- 
ties is no less marked. I'liis phenomenon has been investigated most 
fully in connexion with refraction. 

I'lie molecidar refractions ( 26 ) of a large numbtjr of unsaturated 
col^lpounds containing a double bond and of the corresponding satu- 
rated derivatives have been determined by Evk.man. His results indi- 
cate the molecular dispersion y-a, or the; difference between the molecular 
refraction for the a-linc of the hydrogen spectrum and that for the 
7 -line, to be appreciably greater for unsaturated compounds than for 
tlui corresponding saturatenl d(‘rivatives. 'I’liis phenomenon is exempli- 
fied by the molecular refraction of C«Hi 4 . For the a-line it is 65*214, 
and for the 7 -line 06*913, the disjicrsion being 1*699. For C( 5 lli 2 the 
value for the a-line is 61*814, and that for the 7 -line is 67*027, the 
dispersion according to Eykman’s fonnula being 2*213. 

The difference* between the molecular rtifraction of a saturated 
compound and that of the corre^spoiuling unsaturated compound with 
two hydrogen atoms less in its molecule is denoted by [Hg]. Its value 
for the a-linc of the hyclrogen sjKictnim, employing Eykman’s formula, 
may lie between 1*0 and 0*2. Further investigation has proved this 
variation to depend on the number of carbon atoms in direct imion with 
the group >C=C<. For [lh]i, corresponding with direct imion of 
one carbon atom with the group >C==C<, the mean value has been 
found to be 0*96; for \ll 2 \iy corresponding with two carbon atoms in 
ilirect union, it is 0*59; and for [Haja it is 0*24. These examples 
illustrate the aid furnished by refractometry in locating the position in 
the molecule occupied by a double bond. 


There is an imiKjrtant difference Iwtwecn the molecular refraction of a 
hydrocarbon Cnllsi, and that of (CH*)n. The value corresponding with 
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CH* for the of-linc is given in 33 as 10 * 260 . The molecular refraction a for 
C»Ht2 is 64 * 814 , that for (CH2)s l)eing 61 * 56 . The presence of the double 
linking causes an increase of the refraction, known as the increment of 
the double bond. 

n. ALICYCLIC COMPOUNDS OR CYCLANES, C„H2n. 

121. Isomeric with the olefines is a series of compounds, C„H2ii, 
distinguished chiefly by the absence of, or at least a diminution in, the 
power of forming addition-products. Alost ol these compounds an; 
very stable, eyeZopentane, Cr>Hi(), closely resembling n-pentane, C.5H12. 
The methods for the formation of these compounds make evident the 
existence of a ring or closed carbon chain in the molecule (275-280). 

in. HYDROCARBONS, C„n2„- 2. 

122. Two structures are possible for the hydrocarbons with four 
hydrogen atoms loss than the correspomiing paraffins. Hydrocarbons 
with two double bonds have the g(;neral formula C^,H2ii-2, exemplified 
hy 

Cn2;(’H*C;H;C^H2. 

\ inylt'thoijo 

Other substances with a triph bond have the same general formula, 
such as 

CH;,*C’^CII. 

Allyleiie ^ 

For reasons similar to those applicable to the double bond in the 
alkenes (119), the triple linking is assunuul lo be presenf. in these com- 
pounds. * 


A. HYDIlOCAUnONS WITH TUIPLE BONUS. 

Nomenclature. 

123. The first member, C'2n2, is termed acetylene, and the second, 
C.SH4, allylene. The higher members are regarded as substituted acetyl- 
enes, C4H0 being named ethylacetylene, btUylacetylene, and so on. 

Their alternative names arc formed by changing the termination “ane” 
of the saturated hydrocarbons into “ym^,” C'2H2 being ethyne, and so on. 

Methods of Formation. 

1 . By the dry distillation of complex compounds such as coal, 
acetylene being a constituent of coal-gas. 

2 . By the withdrawal of two molecules of hydrogen halide from 
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compounds of the formula CnH2nX2, X representing a halogen atom, 
these compounds being formed by the addition of halogen to alkenes: 


(^HaBr— CH2Br-2HBr = CH=CH. 

Ethcne brurnido Acetylene 

or 1 : 2-Dibroinoetbane or Etnyuc 

The elimination of hydrogen halide is effected by heating with alcoholic 
potash. 

A general method for the preparation of unsaturated compounds is 
furnished by this method of adding halogen, followed by the removal of 
hydrogen halide. From CnH2n+2, C„H2n+iX can be obtained by the 
action of chlorine or bromine. Heating with alcoholic potash converts 
this product into (’nHon; from it C„H2nBr2 is got by the action of bro- 
mine, and is converted into (\TI211-2 by abstraction of two molecules of 
hydrogen bromide. This compound can form another addition-product 
with bromine, and so on. 

3. By the elimination of two molecules of hydrogen halide from 
compounds of the formula CnH2nX2, produced by the action of phos- 
phorus pentahalide on aldehydes or ketones: 

CHa • CHCI 2 - 2HC1 = CHsCH. 

Kthylideno chloride Acetylene 

or 1 : 1-Dichloroethane or ICthyne 

CH;, • CCI 2 • CH.J - 2HC1 = CH 3 • C=CH. 

2 ; 2-DichIoropropane Allylenc 

or Propyne 

124. Some of the hydrocarbons prepared by these methods exhibit 
a characteristic behaviour towards an aminoniacal solution of cuprous 
chloride or of a silver salt, a property facilitating their recognition. 
By replacement of hydrogen, they yield metallic derivatives as a volu- 
minous precipitate insoluble in the ammoniacal solution or in water. 

' These compounds arc explosive, that derived from copper being yellow 
<or red, and that from silver white. Acetylene, and its higher homologues 
derived from the dihalogen compounds of the aldehydes, yield metallic 
compounds of the type C2CU2. The method of formation of these 
homologues proves them to contain the group =CH: 

C„H2„+i CH2 CHO C„H2n+l-CH2-CHCl2 C„H2n+l-C^H. 

This fact indicates the presence of the group sCH to he essential to the 
production of m^Uic derivatives, the hydrogen of this group being that 
replaced by metals. Only the dichloro-derivatives of the methyl- 
ketones (101) can be transformed into hydrocarbons yielding metallic 
compounds, a fact supporting this view: 
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CnHsa+j • CO- CHs CnHsn+i * CC12- CHa C„H 2 „+ , . CsCH; 

Yieldfl metallic derivatives 


CzHr,- CO- C 2 H 5 -> C2H5- CCJa- CH 2 - CHa CaHs- CsC- CH;,. 

Docs not yield metallic 
derivatives 


The isomeric hydrocarbons containing two double bonds (127) also are 
incapable of fonning metallic compounds. 

The hydrocarbons are Loerated readily from their metallic deriva- 
tives by dilute hydrochloric acid. This reaction affords a means of 
isolating from mixtures the members of the series CnH2n-2 capable of 
yielding such derivatives, and of obtaining them in the pure state. 

125. The hydrocarbons of this scricjs can combine with four halogen 
atoms or with two molecules of a hydrogen halide. In presence of 
mercury salts they can take up water, forming aldehydes or ketones: 


CH^CH+HaO = CII 3 • CHO; 


CII;, • C=CH+ir20 = CHa - CX) - CH;,. 


Mercury compounds are formed initially by addition, allylene, C3H4, 
passed into a solution of mercuric chloride first forming a precipitate of 
the composition 3 HgCl 2 , 3 HgO, 2 C 3 H 4 , convertible into acetone by the 
action of hydrochloric acid. 

The hydrocarbons of the acetylene series also yield condensation- 
products. Sometimes the condensation is between three molecules, 
acetylene, C2H2, giving benzene, CeHc; dimethylacetylene, C4H6, 
changing to hexamethylbenzene, C12H18; etc. This transformation is 
effected by the action of heat on acetylene, and of solphuric acid on its 
homologucs. 

Acetylene or Ethyne, C2H2. 

126. Acetylene is a colourless gas of disagreeable odour, is some- 
what soluble in water, and condenses at 18 ° and 83 atmospheres to a 
liquid boiling at — 82 . 4 °. It can be synthesized from its elements by 
the aid of an electric-arc discharge between carbon poles in an atmos- 
phere of hydrogen, but the maximum yield of acetylene at 2 , 500 ° is 
only 3-7 per cent. At the same temperatum, about 1-2 per cent, of 
methane and a trace of ethane are formed simultaneously. The 
presence of acetylene can be detected by means of an ammoniacal 
solution of cuprous chloride, a red precipitate of copper acetylene 
being produced even from traces of acetylene mixed with other gases. 
Acetylene is a product of the incomplete combustion of many organic 



144 


UNSATURATED HYDROCARBONS 


[§ 127 


substances. It is prepared on the large scale by the action of water on 
calcium carbide, or calcium acetylene, CaC2: 

CaC2+2H20 = Ca(OH)2+C2H2. 

The reaction is somewhat violent, and is attended by the evolution of 
considerable heat. Calcium carbide is prepared by heating carbon 
with quicklime, CaO, in an electric furnace. Under the influence of 
the high temperature, the calcium liberated by the action of the carbon 
on the quicklime combines with the excess of carbon to form calcium 
carbide. Th(^ pure substance is white, but th(^ ordinary product has a 
dark reddish-brown colour due to the presence of a small proportion of 
iron. 


Various applications of acc^tylene have boon facilitated by the (iheap 
and siinj)le mcthfxl of prejmration from calcium carbide. A solution in 
acetone is employed usually in the arts and manufactures, the gas being 
compress(^d at twelve atmospheres into steed cylinders containing this 
solv(*nt. At this im^ssure, one vedume of accjtonc) dissolves about three 
hundred volume's of aex'tyh'iie. Ignition of the gas evolved from this 
solution through a fine orifice gives a bright luminous flame free from smoke, 
employed as an illuminaiit in buildings, railway-carriages, motor-car and 
bicycle lamps, gas-buoys, and so on. When acetylene is burnt in oxygen a 
temperature approximating to 3,500® is genera tcjd, and this j^rojierty finds 
application in autogenous welding, an oxy-a(H‘tyl(*ne blowpij)o developing 
sufficient heat to imJt iron readily. Steel plates for safes, rails for railway 
or tramway use*, and other iron or stc^el material can be wedded readily by 
its aid. Thicjk iron ])lat(\s can be cut through by employing an oxy-acetylene 
blow])ipe to raise their temperature at one point to white heat, and then 
cutting off the sjiip])ly of acetylene and moving the oxygen tube along the 
plate. The oxygen converts the metal into oxide, and the temperature 
of the oxide in proximity to the current of gas is raised by the heat of 
combustion to fusion. Consequently, this oxide drops in liquid form, a 
sharj) and clean cut being effected. 

Another important application of acetylene is its conversion into acetal- 
dehyde. As stated in 125 , under the influence of mercury salts this hydro- 
carbon can take up the elements of water. The process is developed 
sufficiently to be of technical application, the acetaldehyde admitting of 
reduction to ethyl alcohol, and of oxidation to acetic acid. 

B. HYDROCARBONS WITH TWO DOUBLE BONDS. 

127. Isoprene, Cr,Hs, is a hydrocarbon of this series, and is of great 
importance on account of its close relation to caoutchouc (370). In 
recent years many attempts have been made to prepare isoprene tech- 
nically, some with success. A very good laboratory-method for its 
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preparation is mentioned in 367. A poor yield of the hydrocarbon is 
obtained by the dry distillation of caoutchouc. It is a liquid boiling at 
37°, and has the density D 4 ^'— 0-6793. Isoprenc is proved to have 


the constitution 




•CH=CIl 2 by its conversion through addi- 


tion of two moh'culos of hydrogen bromide into a dibromide, 
CHa^ CBr — CH 2 — CH 2 B- , identical with that obtained from dimethyl- 

allcne, gJJ«>C=C=CH 2 . 


Ill the preparation of dimeAhylallene, tlio two carhinol-derivatives, di- 
CII* 

inethylethylcarbinol > C(()II) • CHa* CII3, and inethyh'sopropyloarbinol, 

0 113 

^JJ®>CII*CIIOII'CFl3, are got by the method described in 102, and 

C-'Xla 

conv('rted into the corresponding iodides. On elimination of hydrogen 

CH 

iodide, each iodide yields trimethylethonc, J*>C=CI[-Cn3, its forma- 

C/XJ-S 

tioii from both iodides admitting of no other position for the double 
bond. Trimethylethene takes up two atoms of bromine, forming 
CH 

^ ^>CBr‘CHBr*CH3. Alcoholic potash reacts with this substance, 
Clla 

eliminating two rnolcKuiles of hydrogen bromide, and forming dimethylallejnc, 

CJJ’>C=C=CIL. 

Clls 

This mode of formation does not i)recludc! wholly another arrangement 
of the double bonds, but other evidciiw? proves dimcthylallene to have the 
structural formula indicated. 

1 . On oxidation it yieltls acetone, indicating tho.presonce of the group 

(CHs).C=. 

2. Sulphuric acid of fifty per cent, .strength converts it into methyl- 
isopropylkctone : 


CH, 

CH, 


:=cn2+2n,o = l > CH - c(oii), - ( Ti, 


CH, 

CII; 


IiitornicMliiite produrt 

>cn.cocH,. 


Compounds like this internuitliate product are mentioruHl in 149, 201, 
204, 230 and 234. 

In forming an addition-product with two univalent atoms, organic 
compounds containing the group C==C — C=“-C, termed by Thiele a 
“Conjugated system,” often behave peculiarly, the addition taking 
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place at carbon atoms 1 and 4 , with formation of a double bond between 
carbon atoms 2 anti 3 : 

CH2=CfI • CH=CH2 -f Br2 = CH2Br • CH=CH • CH2Br. 

The subject of conjugated double bonds is discussed further in 287. 

Compounds with a conjugated ^stem of double bonds also exhibit 
characteristic physical properties. A comparison of their molecular 
refractions with those of the corresponding saturated compounds, or 
with those of substances containing only a single double linking, shows 
them to iKi much higher for conjugated compoimds than would be 
anticipated from the presence of two double bonds. This phenomenon 
is termed the exaltation of the conjugated system, and its existence 
affords a means of deciding whether two double bonds are conjugated 
or not. 



SUBSTITUTION-PRODUCTS OF THE UNSATURATED 
HYDROCARBONS. 


I. UNSATURATED HALOGEN COMPOUNDS. 

128. The saturated hydrocarbons not possessing any salient char- 
acteristics, the properties of their compounds depend on the nature of 
the substituents. Hitherto, only compounds with properties due to 
the presence in the molecuhi of a single group, such as hydroxyl, carboxyl, 
or a multiple carbon bond, have been described. At this stage sub- 
stances containing more than one characteristic group in the molecule 
must be considered. 

The presence of such groups simultaneously in the same molecule 
modifies their properties. The extent of this influence varies con- 
siderably, as is made evident by consideration of the different classes 
of unsaturated halogen compounds. 

Halogen derivatives of the type C,Jl2n-iX are obtained by the 
addition of halogen to the hydrocarbons CnlliJn, and subsequent elimina- 
tion of one molecule of hydrogen halide.* 


CH2=CH2+Br2 = CH2Br— CH2Br. 
CIIaBr— CH2Br - HBr = Cl Iz^CHlir. 

Ethono bromide Vinyl bromide 

or llromuethone 


They arc formed also by removal of one molecule of hydrogen halide 
from compounds containing two halogen atoms in union with the same 
carbon atom: 

CH:, • CH2 • CHCI2 - HCl = CH:, • CH=CHC 1 . 

Propylidene ehlorido l-Chloropropcne-l 

or 1 : l-1)ichloropropane 

CH., . CCI2 • CH3 - HCl = CH3 • CC1==CH2. 

2 : 2-DichIoropropaiie 2-ChIoropropene-l 


The methods employed in the preparation of these compounds indi- 
cate their halogen atom to be in union with a carbon atom having a 
double bond. Their properties differ widely from those of compounds 
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like the alkyl halides with the halogen atom attached to a singly-linked 
carbon atom, this rule being general for such compounds. The halogen 
atoms of the alkyl halides are adapted especially to double decomposi- 
tions, being replaceable by hydroxyl, an alkoxyl-group, an acid-residue, 
the amino-group, and so on. 

This aptitude for double decomposition is almost locking in compounds 
with halogen in union with a doubly-linked c-arbon atom. Alkalis do not 
convert them into alcohols, nor alkoxidos into others, any reaction 
invariably involving elimination of hydrogen halide with formation of 
hytlrocai'hons of the series CnH2n-2. 

i2g. An isomeridc of the 1-chloropropene-l and 2-chloropropenc-\ 
already mentioned is termed allyl chloride. Its halogen atom takes 
part in double decompositions as readily as the halogen atom of an 
alkyl chloride. Ally! chloride is obtained by the action of phosphorus 
pentachloride on allyl alcohol, CH2*CH*CH20H (132). This alcohol 
yields w-propyl alcohol by addition of hydrogen, and therefore its 
hydn)xyl-group must be at the end of the carbon chain. The halogmi 
atom in allyl chloride also must be at the end of the chain, as it replace's 
the hydroxyl-greiup. Givem the constitutions of l-chloropi’opone'-l anel 
2-chloropropone'-l, eloelucible' from those of pre^pionaldchydc and ace- 
tone, the allyl halielcs can have only the constitutional formula 

CH2=CH-CH2X. 

The halogen atom is attacheel to a singly-linked carbon atom, and 
retains its normal character deepite the presence of a double bond in 
the molecule. 

The influence exertcel on the character of a halogen atom by its 
position in the molecule of an unsaturated compound affords a means 
of determining whether it is attached to a singly-linked or doubly- 
linked carbon atom, the indication being its possession or lack of the 
power to take part in double decompositions. 

Examples of individual members of the series arc the gaseous vinyl 
chloride, CHatCIICl, and the liquid vinyl bromide, CH2:CHBr, char- 
acterized by its ethereal odour. Each of these compounds polymerizes 
readily. 

130. Allyl chloride, allyl bromide, and allyl iodide, boil respectively 
at 4G°, 70°, and 103°. They are employed often in syntheses to intro- 
duce an unsaturated group into a compound. They have a character- 
istic odour resembling that of mustard. 

The propargyl compounds, CHsC'CHzX, are typical of the scries 
CnH2n-3X. Their constitution is inferred from their power of yielding 
metallic derivatives, indicating the presence of the group sCH; and 
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from the capacity of their halogen atoms for double decomp^ t 
proving their union with a singly-linked carbon atom. 
obtained from propargyl alcohol (133) by the action of phosp orus 
pcntahalidcs, and arc liquiils of pungent odour. 

Bromoethyne, Cllllr : C is assumed hy Nbf to contain a bivalent car- 
bon atom. It can be ol. ained from 1 : 2-dibromoethene, CHBr : CHBr, 
by means of alcoIioMc potash. It is a gas, boils at —2°, and takes fire 
spontaneously in the air. Owing to slow oxidation its solution in alcohol is 
phosphorescent, and the gas Iws an odour very similar to that of phos- 
phorus. 

n. UNSATURATED ALCOHOLS. 

131. The hydroxyl-group of th<^ unmluralcd alcohols may lx; attached 
to a singly-linked or a doubly-linked carbon atom ; 


CH2 ; C’H • f IIoOH, ( :ih :CH- OH. 

^-ProiKTioH <»r .Ml.\ 1 ulctdiol £thf>ni>I or \'iiiyl alcohol 


Few compounds of the type of vinyl alcohol are known, reactions such as 
might be expected to yield them generally producing their isomeridcs. 
Abstraction of water from glycol, C1120II-CH20H, does not give vinyl 


yH. 

alcohol, CH2==CH()H, but the isomeric acetaldehyde, CH3 — 

2-Bromopropone-l, CU;{»CBr;CH2, is not changed into 2-hydroxy- 
propene-1, CTl2"(Xt)H);CH2, by heating with water, but into the 
isomeric ac(*tone, CTl;cCO-CH,{. The usual rule is for an anticipated 
grouping of the atoms in the fonn — CH:(’(OII) — to undergo a trans- 
formation into — CH2*C0 — . Most substances with hydroxyl at- 
tached to a doubly-linked carbon atom are unstable and ttmd 
to change into isomerides, but compounds containing a stable group 
— CH;C(0H)— (23s and 236) do exist. 


Neurine is a \'inyl-dorivative of great physiological importance. It is 
formed in the putrefactive decay of flesh and in other fermentation- 

OH * CJI* 

processes. Its constitution is (Cll3)3N<^jj.’ as is indicated by its 
synthesis. Trimcthylamine reacts with ethylemj bromide to yield a sub- 
stituted ammonium bromide of the formula (CH3)3N <;^^2*CH2Br^ Moist 

Br 

silver oxide eliminates one molecule of hydrogen bromide from the group 
-CH2*Cll2Br, the bromine atom attached to nitrogen being replaced 
simultaneously by hydroxyl. A substance of the constitution indicated is 
obtained, and in all respects is similar to neurine. 
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2-Propenol-i or Allyl Alcohol, CH2:CH.CH20H, 

132. Many unsaturatcd alcohols containing hydroxyl attached to a 
singly-linked carbon atom are known. The most important is allyl 
alcohol, prepared by the method descritnid in 163. Its constitution is 
infernal from that of the chlorine derivative form(;d by the action of 
phosphorus pentachloride (129), and also from the oxidation of allyl 
alcohol to an aldehydes, aeraldehydc, and th(‘u to acrylic arid: 




%() 


Allyl uU’uLul 


Acral«li‘hyde 


»CH2:(’ir-COOH. 

Arrylic; acid 


These reactions prove allyl alcohol to contain the group — CH 2 OH 
characteristic of primaiy alcohols. 

Allyl alcohol is a liquid of irritating odour, solidifies at —50°, boils 
at 90 -5°, and is miscible with wat(‘r in all proportions. At 0° its 
density is 0-872. It forms addition-products with the halogens, and 
with hydrogen yields n-propyl alcohol. 


Many other compounds with the allyl-group, CH*:CII-CH2 — , are 
known, among them al/i/l stdyhide (CH2:CH-CH2)2S, the principal con- 
stituent of oil of garlic. It is obtained synthetically by the action of potas- 
sium suli)hido, K2S, ort allyl iodide. 

t 

Obviously the influence of a double bond situated in the immediate 
m'ighbourhood of the halogcm or hydroxyl of unsaturated halogen 
compounds and al(;ohols is vt'ry pronounccal, but that of one placed 
elsewhere is much less marked. Two groups situated in immediate 
proximity in the same molecule exert a strong influence on the properties 
of each other. 


2-Propynol-i or Propargyl Alcohol, CH=C-CH20H. 

133. Propargyl alcohol contains a triple bond, and is prepared fmm 
tribromohydrin or l:2:3-tribroniopropane, CH2Br-CHRr-CH2Br. Potas- 
sium hydroxide converts this substance into CH2:CBr-CIl2Br, transformed 
by potassium acetate and saponification into CH2:CBr-CH20II, only the 
terminal bromine atom being capable of taking part in double decomposi- 
tion (128). Contact with potassium hydroxide of the alcohol produced 
eliminates another molecule of hydrogen bromide with formation of 
pmpargyl alcohol, its constitution feeing indicated by this method of forma- 
tion and also by its properties. The presence of the group sCH is proved 
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by the formation of metallic derivatives. On oxidation it sdclds propiolic 
acid, CH^C *00011, with the same number of carbon atoms, revealing it 
to be a primary alcohol. 

Propargyl alcohol is a liquid of agreeable odour, is soluble in water, and 
boils at 114®-115“. At 21“ its density is 0*963. Its metallic derivatives 
are explosive. 



UNSATURATED MONOBASIC ACIDS. 


I. ACIDS OF THE OLEIC SERIES, Cnllja.jO,. 

134. The acids of the oleic neries can he obtained from the saturated 
acids CnHsnOa Jjy the inetJiods f?en(;raJly applicable to the conversion 
of saturated substances into unsaturated compounds. 

1 . Substitution of oik; hydrog(*n atom in the alkyl-group of a satu- 
rated acid by a halogc'ii atom, and subseqiKmt elimination of hydrogen 
halide by heating with alcoholic i)olash. 

2 . Removal of the ekarients of water from the monohydroxy-acids: 


CH:, • ( ^H( • ( 'Hi. . C :( )OII - II^.O - ( TI;i • f ’ll : (^H • C^OOH. 

2-Hydroxybutyric iiri<l Crotonic acid 

The acids of this series can bo prc'pared also from unsaturated 
compounds by 

IJ. Oxidation of the unsaturabMl alcohols and aldehydes. 

4 . The action of potassium cyanide on iinsaturated halogen com- 
pounds such as allyl iodide, and hydrolysis of the carbonitrile formed. 

Noihenclature. 

Most of the acids of the oleic s(‘ri(*s are namcHl after their primary 
panmt substances, but a few of the middle members have names indi- 
cating the number of carbon at()nis in th<' molecule. The first mcmb(‘r, 
CH 2 ;CH*C 00 H, is termed acrylic acid: oth(‘i*s are crotonic acid, 
C4H6O2; angelic acid and tiglic acid, Cr,Hs02; undecylenic acid, CiiH2o02,' 
oleic acid, C18II34O2; erucic acid, C22H12O2; etc. 

Their systematic names are formed by adding the words "Carboxylic 
acid " to the names of tlw corresponding hydrocarbons, CJIoOa being 
propenecarboxylic acid, and so on. 

Properties. 

135. In common with all compounds containing a double bond, the 
acids of this stories poss(^ss the p<iw(ir of fonning addition-products. 
They arc “ stronger ” acids than the corresponding fatty acids with 
the same number of carbon atoms in the molecule, the value of the 
constant (87) for propionic acid, C3H(j02, being 0 - 134 ; for acrylic 
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ackl, C 3 H 4 O 2 , 0*50; for butyric acid, C 4 H 8 O 2 , 0*149; and for crotonic 
acid, C 4 HCO 2 , 0*204. The double bond renders the acids of the oleic 
scries much more susceptible tf> oxidation than the members of the 
fatty series (i2o). ITiose of the first type are converted by ener- 
getic oxidizers into two satiirated acids, but a reaction model ated by 
employing a dilute solution of iiotassium pennanganate yields as 
an intermediate product a dihydroxy-acid containing the group 
— CH OH *(’11011 — , and on further oxidation the ciiain is severed at 
the bond betweem these two carbon atoms C^^o). This behaviour 
affords a means of d<jtennining the position of the double bond in the 
molecule. A nipiuro of the molecule with formation of saturated 
fatty acids is effected also by fusion of an un.saturated acid with 
potassium hydroxide in pr(“S(*nce of air; 

C’„rT2„+i*CH: C’li*(:(30H OJTT 

KO H = ( ’..H jn+i * ( ’ p K-f (’H 3 ■ COOH. 

KO H OK 

0 

Formerly this riiaction was employed to determine the location of the 
double bond, the division of the molecule being as.suracd to occur at the 
original iiosition of this bond. Modern r(‘S(*arch has proved the posi- 
tion of Iht! <louble bond to be displact'd nearer that of tin? carboxyl- 
group under the influence; of fus(‘d potassium hydroxide, or even by 
boiling with a solution of sodium hydroxide. Fusion with potassium 
hydroxide Ihen'fore cannot lie emplo;fe<l to d('t(*rmine the position of 
double bonds. The action of ozone on these acids is described in 198. 

Ethanecarboxylic or Acrylic Acid, CH2:(iH*COOH. 

136. Acrylic acid is obbiined by the elimination of one molecule of 
hydrogen iodide from 2-iodopropionic acid, CHJ-CHj-COOII. It is a 
liquid of pungent odour, solidifies at 12*3°, boils at 140°, and at 20° has 
the density 1 • 0511. It is reduced by nascent hydrogen to propionic acid. 

Acids of the formula C4HCO2. 

The acids of the. formula C4H(i(’>2 theoretically possible are 

1. CH2:Cn.CH2*COOH; 2. CH3*CH:CH*COOH; 

/CHs CHav 

3. CH2:C< ; 4. 1 >CH*COOII; 

\COOH CH 2 / 

but five acids of that formula are known. 
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An acid of the constitution indicated in formula 1, T)ropene-2rcar~ 
hoxylic-l or vinylacetic acid, can be obtained by the action of carbon 
dioxide on allyl magnesium bromide, and decomposition of the primary 
product by acidulated water: 

CH2 : • CH2 MgUr + CO2 = CH2 : CH • CH2 • C02MgBr ; 

CH2 : CH . CII2 • C02MgBr+H20 = 

= CJHo : CH . CH2 • COOH+MgBr . OH. 

Its production by the action of potassium cyanide on allyl iodide and 
hj^drolysis of the carbonitrile formtjd might be expected: 

CII2 ; Clf . ( IT2I CHj : CH • CIT2CN -> CH2 : CII • CILj • COOII. 

Ally] iudicic 

Actually an acid of fomiula 2 is obtained, xolid crolonic acid, melting at 
71° and boiling at 180°. Careful oxidation with permanganate con- 
verts it into o.xalic acid, IIOOC — C'JOOH, a proof of its constitution, 
and an indication of a change during the reaction in the position of the 
double bond. 

Evkman proved allyl cyanide to have the formula CH 2 :CH*CIl 2 «CN. 

The molecular refraction for the a-Iine based on his formula is 


For propyl cyanide, 44*55 

For allyl cyanide, CjHs^CN 43*51 

DifTenajce 1*04 


This difference corresiM)uds with [Haji, indicating the group >0=C< to 
be in union with "only a single carbon atom, and therefore situated at the 
end of the chain ( 120 ). 

vsoCrotonic acid, melting at 15*5° and boiling at 172°, also has con- 
stitution 2, it being reducible like solid crotonic acid to n-butyric acid, 
proving it also to contain a normal carbon chain, and being convertible 
by careful oxidation into oxalic acid. Ordinary constitutional formulae 
an^ incapable, therefore, of accounting for the isomerism of these acids. 
An explanation of it is given in 169. 

An acid with formula 3 obtained by the elimination of one molecule 
of hydrogen bromide from bromofsobutyric acid is named methacrylic 
add: 

CHav CH2^ 

XBr * COOH -> • COOH. 

CH3/ CH3/ 

The acid of formula 4 is mentioned in 275. 
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Heptadecene-S-carbozylic-x or Oleic Acid, C18H34O2. 

137. Oleic add is obtained by the saf>oni5cation of oils and soft fats 
(85), To separate it from the saturated stearic acid and palmitic acid 
simultaneously liberated, th« lead salt is prepared. I^ead oleate is 
soluble in ether, but lead i .Imitate and lead stearate are insoluble. 
The oleic acid is liberated from the lead oleate by the action of an acid. 

At the ordinaiy temperature oleic acid is a liquid without odour 
and of an oily nature. It melts at 14°. In the air it oxidizes readily, 
and it cannot be distilled at the ordinary pressure without decom- 
position. 

Oleic acid contains a nomial carbon chain, since on reduction it 
yields stearic acid. 


KnAFiT has provrtl the normal .structure of .stearic acid by converting it 
step by step into acid.s with a smaller number of carbon atoms. Dry dis- 
tillation in a vacuum of a mixture of barium stearate and barium acetate 
forms a ketone, CO.CIL: 


CirHas* joO Oba* -|- baO 


OC-CH, 


Barium stearate 


J5arium acetate 


-^CnlLi-CO-CIL. 

MarKarylnicthylketono 


On oxidation, this ketone yields acetic aciid and an acid of the formula 
CitH.kOj. This reaction proves the ketone to contain a CH^-group next 
to the carbonyl-group, and to have (he formula Ci61I3.tCH2»(X1*CHs, 
for only from such a compound could oxidation produce an acid with .siwen- 
teen carbon atoms. This acid, C17H.HO2 {vmrgaric acid), is transfonned 
similarly into a ketone, CiJIaj-CO'CIIj, convertible by oxidation into an 
acid Ci«H 3202 . These facts prove the formula of margaric acid to be 
C, JI31.CH2-COOH. and that of stearic acid to be Ciala.-CH.-CIIi-COOH. 
The acid (!Ii6H.t202, ptdmUic add, is in its turn converted into a ketone, and 
the process continued until cnpric acid Ci(iH2o02, is obtained. This acid 
has Ixjen proved by synthesis (233, 1) to contain a normal carbon chain. 

The presence of a double bond in oleic acid is indicated by its form- 
ing an addition-product with bromine, and by its {)owor of reducing an 
alkaline permanganate solution (113). The double bond is situated at 
the centre of the chain, the constitution of oleic acid being 

CHa . (CH2)7 • CH ; CH . (CHa)? • COOH. 

This constitution is inferred from the conversion of the acid by careful 
oxidation into octadecanecarboxylic -1 or pelargontc add, CsHit-COOH, 
and heptanedicarboxylic-l :7 or azelaic acid, HOOC* (CHalr-COOH. 
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138. Oleic acid reacts in a remarkable manner with even a mere 
trace of nitrous acid. The best method is to pass into oleic acid the 
red gaseous mixture of nitrogen peroxide and nitric oxide obtained by 
heating arsenious oxide with nitric acid, or to add nitric acid of density 
1*25. I'he oleic acid soon solitlifies, btdng converted into the isomeric 
elaidic and. The reaction is termed the “Elaidic transformation.’’ 
Other acids of this series are transfonned similarly, crude add, 
(D22II42O2, being converted by a trace of nitrous acid into hraftsjdic add. 

Elaidic acid has the .same structural formula as oleic acid, the 
double bond oreupyinf:: ii dmilnr position in the molecule of each, 
since ea(;h acid rc'arlily forms a bromine addition-product convertible 
by elimination of two molecules of hydrogen bromide into stearolic add, 
Cl 8II32O2: 

CisHsiOa -> CisHaiBroOs -> C,,sH3202. 

Oleio and edaidir Bromine afiditioii- Sfearolie aeid 
aeids produf t 

Oleic acid and elaidic acid yield th(* same hj^drexj-stearic acid by the 
addition of one molecule of water, a ri'action effeettui by the action of 
concentrated sulfdiuric acid. Like that, of erucic acid and bras.sidic 
acid, their isomerism is therefore analogous to the isomerism of the two 
crotonic acids (136). 


II. ACIDS OF THE PROPIOLIC SERIES, C„Il.a,_408. 

139. The acids of the propidlic send hav(‘ one triple bond or two 
double bonds in the molecuk!. Siibstanci's of the first tyiie are fon»u‘d 
by the action of carbon dioxide on th(‘ sodium compounds of the acetylene 
hydrocarbons: 

Cl 1=( ^Na + C'( >2 -• ( T W: • ( ’( )( )Na. 

Sodium propiolato 
or cthynuc'iirboxyliite 

'Phe 1-carbon atom of these acids has a triple bond, and such acids are 
decomrKj.sed very n*a<Uly into an acetyleni? hydrocarbon and carbon 
dioxide, one method being to heat their silver salts. 

A general method for the pivparation of acids with triple bonds 
involves the addition of two bromine atf)ms to acids containing a 
double bond, and subseqiu'iit (elimination of two molecules of hydn)gen 
bromide : 

CH3-CH:CH (X)0H -> CILi-CHBr CHBr COOH 

Crotonic acid Dibromobiityric acid 

-4CH:,.C^(bCOOH. 

Propy no- 1 -onrb<ixyIin-l or 
Totrolic ucid 
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140. In presence of concentrated sulphuric acid, substances with a 
triple bond take up water with formation of ketones (125) : 

_C^C » — CH2 • CO—. 


In this manner 
formula 


stoarolic acid is converted into a kotostcaric acid of the 


CsHir-C )-CH2-(CH2)7-C()0H, 


and hydroxylamine transforms this compound into the corresponding 
oxime ; 


CsHi? • C ■ CH 2 • (CHs)? ■ coon 


NOH 


Under the influence of concentrated sulphuric aeirl, this oxime under- 
goes the Beckman.v transformation (103), among the products being 
the substituted acid amide 


CsHjz-CO 

I 

Nir*(CIl 2 ) 8 *COOH 

proved to have this formula by i(,s decomposition by fuming hydro- 
chloric acid into pelargonic acid, (’sIJit'COOH, and the 8 -aminononyIic 
acid, NH2' (CH2)8*C00TI. 'I'his reaction confirms the accuracy of <hc 
constitution assigned to oleic acitl and elai<lic acid, each b(u‘ng convert- 
ible into stearolic acid in the manner deserribed. 

Geranic acid, CjoTlici02, a compound with two <loubl(' bonds, is 
considerenl in 143. • 



DNSATURATED ALDEHYDES AND KETONES. 


141 . Tho simplest unsaturatcd aldohydo is prirpenal, or ocraMehyde, 
or acrolein f CH 2 :CH*CHO. It is obtained by removal of water from 
glycerol ( 152 ), cffcct<‘d by heating at 195° one part of this substance with 
four parts of a mixture containing five parts of potassium hydrogen sul- 
phate and one part of potassium sulphah?. It is a colourless liquid, 
solidifies at —87°, boils at 52-4°, and at 15° has the density 0*8447, 
It has an extremely powerful and pemetrating odour, the origin of its 
name (orcr, sharp, and oleum, oil). The disagreeable pungent smell 
produced by extinguishing a tallow candle or an oil-lamp is due to tho 
formation of acraldehydo. On reduction, it yields allyl alcohol, and is 
ixfgenerated by careful oxidation of that alcohol. It is converted by 
further oxidation into acrylic acid. 

It has the propt'rties peculiar to aldehydes, including susceptibility 
to reduction and oxidation, resinification in presence of alkalis, and the 
power of forming polymorides. Tho last characteristic is so pro- 
nounced as usually to bo displayed in complete polymerization in the 
course; of a few days or even hours, probably under the; catalytic influ- 
ence of traces of impurities. 

This polymeride is named. dtsacf?/^. It is a colourless resin, and can- 
not be reconverted into propcnal. The addition to propcnal of traces 
of a polyhydric jdionol such as qiiinol or pyrogallol was found by Mourru 
to inhibit both rqsinificjition and oxidation, rendering tho substance stable. 
Sunliglit has the oi)]X)site effect of accelerating the polymerization. 

The presence of the double bond in acraldehyde modifies to some 
cxtc'nt the aldehydic character, as is exhibited in its behaviour towards 
ammonia. With that substance it does not combine like acetaldehyde 
( 104 ), but in accordance with the etjuation 

2C3ll40-f NHa = CalloON-l-HaO. 

Acraldehydeammonia is an amorphous basic substance, is soluble in 
water, and in appearance and behaviour towards water closely resem- 
bles glue. 

Acraldehyde does not unite with a single molecule of a primary sul- 
phite, but with two molecules. The aldehyde cannot be regenerated 
from the product by the action of acids, only one molecule of the 
primary sulphite being eliminated. This reaction indicates the other 
molecule of primary sulphite to have been added at the double bond. 
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142. CroUmnMehyde., CHs-CUrCH-CHO, is a f)roduct of the elimina- 


tion of water from aJdol, CHs-CH joilj'anjHj -Cq ( 106), effectetl by 

heating it at 140°. It is a liquid boiling between 104° and 105°, and is 
converted by f)xidation with silver o.vide into solid crotonic acid (136), 
proving it to have the constitution indicated. 


PropiolaUlchyde, CHs-';j.C 




, can be obtained from acraldehydeaeetal 


by the addition of two bromine atoms, and suhsequent removal by means 
of j)otassium h3'droxid(^ of two molecules of hydrogen bromide from the 
addition-product formed: 


Acraldehydeaeetal 


CHJlr.CHRr.c!*^ „ ^ 

Dibronio-compound 


- > CII^.C 


TI 

(OC2H.,) 


2 


Propiolaldehydcacetal 


Propiolaldehydeacetal is converted by warming with dilute sulphuric acid 
into th(? corresponding aldeh>’^de, a substance w’itli an irritating action on 
the mucous membrane similar to that of acruldehj'dc. 

"I'he behaviour of propio]aldeh3’'dc towards alkalis is remarkable. It 
decomposes into ac(‘tyIeno and formic acid; 

CH=C . CHO-fNaOIl = CH^H+C^ONa. 

143. An important unsaturated aldehyde is geranial or ciiral, 
CioHjeO, characterized by its agreeable odour. It is a constituent of 
various essential oils; among them oil of orange-rind, the cheap oil of 
lemon-grass, and oil of citron. At the ordinary temperature it is liquid, 
and boils between llO® and 112° at a pressure of 12 mm. Its aldehydic 
nature is indicated by its reduction to the alcohol (jaraniol, and by its 
oxidation to geranic add with the same number of carbon atoms. 

Geranial is 3: 7-dimethyl- A*‘®-octad'ene-l-al, 

™ > C=CH • CH2 • CH2 • C(CH3)=CH • 

for its oxidation yields acetone, lajvulic acid (234), and carbon dioxide, 
the molecule rupturing at the double bonds: 

> C=CH • CH2 • CH2 • C(CH3)==CH . Cq 

Geranial 

> CO + HOOC . CH2 • CH2 • CO • CHs + CO2 + CO2. 

Acetone 


Licvulic acid 


Carbon dioxide 
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When boiled with a solution of potassium carbonate, goranial takes 
up one molecule of water, forming methylheptenone and acetaldehyde; 

> C=C^.n . CR2 • Clla • (X( 'H; 0 =CH • 

Gerunial 

-> ^ > C=CH • CH2 • CH2 • CO • CII3+CH3 • C^. 

Met liylhopterione Acetaldehyde 


Oxidation of inethylhtjpicnone also yields acetone and laevulic acid. 
This r(?aCtion indicates its constitution, additional evidence being 
furnished by its synthesis. 

Haiyta- water converts a mixture of geranial and acetone into the 
eondcnsation-protluct pseudo?o//o«c : 

(Cll.j).>C=(.'.U . C?T2 • C’Ho • C(CTT3)=CH • CTTO+H2CH • CO . CIJ.-J = 

Gcrariiul Acetone 

= H2O + (Cii3)2C^cn . ( :h2 • c 1I2 • c(c ^H3 )=ch • cii=ch • co • C1I3. 

pae lido lull one 


pscudolonone is transformed into ionone by boiling with dilute sul- 
phmic acid: 

CH3 CII3 CH3 CH3 

C C 

HC CH-ClI:Cn-CO.CH3->Il2C CJH-CIIrCII-CO-CHs. 


me c-ciis 

CH2 

jiscudolciiione 


JhC C-CHa 

X/- 

cii 

Ton otic 


The structure of ionone is proved by its decomposition-products. It is 
manufa(!tured as an artificial perfume, having a powerful violct-like 
odour, and btting related closely to irone, the active principle of violets. 
The formula of irone is 


(^Ha CH3 


C 


H(^ CH.CII:CH-C 0 -CH 3 , 

nh cm-cHs 


CH2 


and differs from that of ionone only in the position occupied by the 
double bond in the carbon ring. 



COMPOUNDS WITH MORE THAN ONE SUBSTITUENT. 


I. HALOGEN DERIVATIVES OF METHANE. 

144. The halogen derivatives of the sjituratcd liydrocarbons obtained 
by replacement of a singh? hydrogen atom by halogen are tenned alkyl 
halides, and are described in 52-53. This chapter treats of the com- 
pounds formed by exchange of more lhan one hydrogen atom for halogen. 

It is possible to replace in successive stages Ihe four hydrogen atoms 
in methane by the dircict action of chlorirui or bromine in presence of 
sunlight. Iodine does not react with nu'thane or its hoinologues, but 
the action of fluorine is verj^^ energetic and ('ITc'cls complete substitution. 

In practice, direct halogenation is not adopted for th(; preparation 
of the compounds CH2X2, CHX3, or CXi. They are obtained from 
the trihalogen derivatives pn'pared readil}' by another method, and 
convertible by chlorination or brornination into tetrachloromethane 
or tetrabromomethanc. Reduction of tla^ trihalogc'nnu'thanes yields 
dihalogenmethanes. On account of thc'ir irniiortant Ihcrapeutic pro- 
perties, the compounds CHX3 arc prepared on the largo scale. 


Trichloromethane or Chloroform, (TICI3. 

145. Chloroform is obtained in the laboratory by distilling alcohol 
with bleaching-powder, acetoiK; being (‘inployed on the manufacturing 
scale. This reaction involv('s simultaneous oxidation and chlorination, 
and acetaldehyde is assumed to be produced first by oxidation of the 
alcohol, and then to be transformed into trichloroacetaldehydc or chloral, 
CCl3»CHO. This substance is converted by bases into chloroform and 
formic acid (201), in this instance by the slaked lime present in the 
bleaching-powder. 

Chloroform is a liquid boiling at 61®, and solidifying at —70®. At 
15® its density is 1*498. It is very slightly soluble in water, and pos- 
sesses a characteristic ethereal odour and sweet taste. In 1847 Simpson 
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discovered that its prolonged inhalation produces unconsciousness, the 
basis of its value as an anaesthetic in surgical operations. 

Its use for this purpose is not wholly free from danger. Notwithstand- 
ing the fund of experience accumulated through the frequency of its appli- 
cation, occasionally the inhalation of chloroform is attended by fatal 
results. Ordinary ether and ethyl chloride are less dangerous, do not 
produce such disagreeable after-efifccts, and hence latterly have been 
preferred as anscstbetics ( 56 ). 


Chloroform is a somewhat unstable substance, decomposing under 
the influence of light and air into chlorine, hydrogen chloride, and 
carbonyl chloride, COCb. A considerable proportion of this oxy- 
chloride is produced by bringing chloroform-vapour into contact with a 
flame. Its suffocating effect renders it very dangerous. The decom- 
position of the liquid can be prevented almost completely by adding 
one per cent, of alcohol, and keeping the chloroform in bottles of non- 
actinic glass. 

The halogen atoms of chloroform take part in double decomposi- 
tions, sodium cthoxide yielding the ethyl ester of orthoformic acid : 


CH pl:>+3N i^ ' = CH(0(:!2H5)3+3NaCl. 


Formic acid can be obtained by warming chloroform with dilute 
alkalis, orthoformic acid probably Ixung formed first, although it has 
not been isolated. On contact of chloroform with a forty per cent, 
aqueous solution of potassium hydroxide', carbon monoxide is evolved, 
chloromethene, CCI 2 , being assumed to be formed as an intermediate 
product. 

When chloroform is warmed with alcoholic ammonia and potassiimi 
hydroxide, its three chlorine atoms an^ mplac(;d by nitrogen with 
production of potassium cyanide. The formation of fsocarbonitriles 
from chloroform, alcoholic potassium hydroxide, and primary amines, 
has been mentioned (77). 

Exposure to dark electric discharge converts chloroform into a 
series of highly chlorinated products, such as C2CI4, C2HCI5, C2Cle, 
C3HCI7, and others of similar type. 

Dichloromefhane, CII 2 CI 2 , i.s obtained from chloroform by reduction 
with zinc and hydr(>g<'n chloride in alcoholic solution. It is a licpiid, boils 
at 40®, and has the density 1 • 337. 

Tetrachloromethane or carbon tetrachloride, CCb, produced by the action 
of chlorine on chloroform or carbon disulphide, is also a li(}uid, and boils at 
76®. When heated with excess of water at 250® it yields hydrogen chloride 




§146] 


HALOGEN DERIVATIVES OF METHANE 


163 


and carbon dioxide. At 20° its density is 1 • 593, the high densities of these 
polychloro-compounds being noteworthy. The bromine and iodine com- 
pounds are much denser than the corresponding chlorine compounds. 

Tribromomethane or brotnoform, CHBr,, is obtained by methods analo- 
gous to those employed in the preparation of chloroform. It melts at 7 • 8°, 
boils at 151°, and at 15° luis the density 2-904. It is utilized for thera- 
X)eutic purposes. 

Tri-iodomethane or Iodoform, CHI3. 

146. Iodoform is a sukstanco of givat importance, and is prepared 
from alcohol by the action of potassium carbonate and iodine. The 
intermediate product iodal, Cla-CIK), analogous to chloral, has not 
been isolated. Being le.ss expensive lhan alcohol, acetone often is 
employed on the manufacturing scale. 

Iodoform can be prepan-d also by the electrolysis of a solution contain- 
ing 60 g. of potassium iodide, 20 g. of sodium carbonate, and 80 c.c. of 
alcohol per 400 c.c., the temi)erature b(;ing kept between 60° and 65°. 
Iodine is liberated at the anode, so that the alcohol, potassium carbonate, 
and iodine necessary <0 the formation of iodoform are present in the mix- 
ture. By this method about eighty i)cr cent, of the potassium iodide is 
converted into iodoform, the remainder of the iodine being obtained as 
pota.ssium iodate. The formation of iodate can be avoided to a great 
extent by surrounding with pjjrchment the cathode, where potaasium 
hydroxide is fonned. 'ITiis prcKiodure prevents contact of the potassium 
carbonate with the iodine set free at the anode. 

« 

Iodoform is a solid, and crystallizes in ytdlow h(>xagonal plates, 
well-developed crj’stals about a centimetre in length being obtained by 
the slow evaporation of a solution in anhydrous .acetone. It has a 
peculiar saffron-like odour, sublimes very readily, and melts at 119°. 

These characteristic projx'rties of iodoform make its formation an 
important test for alcohol, although acetaldehyde, acetone, and several 
other substances similarly yield iodoform. Compounds containing the 
group CHa-Cs in union with oxygen answer the iodoform-lesL It 
involves addition of iodine to the liquid under examination, and then 
potassium-hydroxide solution drop by drop until the colour of the 
iodine vanishes. With a considerable proportion of alcohol a yellow 
precipitate forms at once; with traces, the precipitate separates after a 
time. The reaction is sufficiently delicate to detect traces of alcohol 
in a sample of well-water or rain-water, after concentration by repeated 
distillation, the first fraction in each operation being collected. 

Iodoform is employed in surgery as an antiseptic, but does not kill the 
bacteria directly. Its action on the micro-organisms requires a preliminary 
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decomposition, effected under the influence of the heat of the body by 
fermentation induced by the matter exuded from the wound. 

Di-4odomethane, CH2I2, is a liquid, and is obtained by the reduction 
of iodoform with iiydrogen iodide, phosphorus being added to regenerate 
the hydrogen iodide. At 18° its density is 3*292, a remarkably high 
value. 

n. HALOGEN DERIVATIVES OF THE HOMOLOGUES OF METHANE. 

147. Obvionifly tho halogen derivatives of the homologues of methane 
present numerous cxanii)les of isomerism. Keplacement by chlorine 
of three hydrogen atoms in normal pentane may yield several different 
compounds: a rncthyl-group may l)c convertctl into CCI3; two chlorine 
atoms may replace the hj'^drogen of one methylene-group, and the 
third another hydrogen atom in the molecule; or the three chlorine 
atoms may unite with different carbon atoms; and so on. 

The preparation of many of the halogen compounds included under 
this heading luus been described already, ihe compounds CnH2n+i • CHX2 
being obtained by the action of phosphorus pentalialide on aldehydes, 
and the derivatives CpH2p+i*CX2*CQH2q+i from ketones by a similar 
method (98). Compounds with two halogen atoms attached to two 
adjoining carbon atoms are fontied by addition of halogen to the hydro- 
carbons CnH2n; those having four halogen atoms, two being united 
directly to each of two adjoining carbon atoms, arc produced by addi- 
tion of halogen to hydrocarboTis with a triple bond; compounds of the 
type CpIl2p+i*ClIX.CnX.CrH2r*CHX*CHX*C,nH2m+i arc obtained 
by addition of halogen to tho hydrocarbons C„ll2i,_4 wdth two double 
bonds; etc. 

A method for the jneparation of compounds rich in halogen from 
the saturated hydrocarbons is the exchange of one hydrogen atom for 
halogen, elimination of hyclrogen halide by means of alcoholic potash, 
halogenation of the hydrocarbon Cun2n thus obtained, removal of one 
molecule of hydrogt'u halide, renewed halogenation of the product, and 
so on: 

Cir3*CIl3 CIT3 -011201-1101 -> OH2:OH2-f 201 

Kthanc Ktbyl chloride Ethylene 

CH201.(m201-2H01 OHrfH -1-401 -> 

Ethylene chloride Acetylene 

CHOh-OHOh-HOl -> 01101:0012-1-201 

Tctracldorocthune Trichloroethylene 

0H0l2*00l3-H01 0012:0012-1-201 0013- OOI3. 

Pentachlorocthane Tctrachloroethylene Hezachloroethane 
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Another mode of producing polybromo-compounds invoivoi* the 
din*ct action of bromine on the hydrrjcarbons of the series C^„H2u+2 in 
presence of a small proportion of anhydrous iron bromide or iron-wiit*. 

The course of this reaction is determined by the following factors: 

1 . At a temperature below 100®, with or without a catalyst, a molecule 
having n carbon atoms can take up n — 1 atoms of halogen, these atoms 
becoming attached to the arbon atoms lacking halogen. 

2. When n— 1 halogen atoms are united already, a succeeding atom 
becomes attached to either the halogen-free carbon atom or the carbon 
atom with most hydrogen atoms. 

3. The union of furtlier halogen atoms is chiefly witli the earbon atoms 
carrying most hydrogen atoms. 

Individual Members. 

148. Only a few of the numerous compounds of this group will be 
described. 

1:1:2: 2-Tetrachloroetha7ie^ CIICI 2 -CIICI 2 , is prepared technically by the 
interacition of chlorine? and acetylene with antimony ])entachlorido as 
catalyst. It is a liquid boiling at 147®. Heating with milk of lime elimi- 
nates hydrogen chloride and forms l:l:24nchl(/roethc7ie^ CClgrCHCI, a 
liquid boiling at 88 °. On addition of zinc-dust to an aqueous suspension 
of tetrachloroethane, heat is developed, and pure 1 : 2-dichloroethene, 
CHC1:CIIC1, distils. It is a lifjuid boiling at 55°. Each of these sub- 
stances is an excellent solvent for fats and and each dissolves sulphur 
readily, being eni]?loyed in vulcanizing caoutchouc. 

Ethylene chloride or l:2’<lichIoroethnne^ CH 2 CI-CH 2 CI, is termed 
''Dutch Li(iuid,'^ or the "Oil of the Dutch Chemists/' it liaving been 
prepar(?d first at the end of the eighteenth centurj'' by four Dutch chemists, 
Deiman, Bondt, Paets van Tkoostwyk, and Lauweuenhuiigii, by the 
action of chlorine on ethylene. It is a liquid boiling at 84-9°, and at 0° 
has the density 1 • 28. 

Hexachloroethaney C 2 CI 6 , is formed by the direct union of carbon and 
chlorine under the influence of a powerful arc-discharge between carbon 
poles in an atmosphere of chlorine. 

Ethylene bromide or l:2--dihromoethane is employed for syntheses and 
as a solvent. It is prepared by passing ethylene into bromine covered 
with a layer of water to prevent evaporation, the addition taking place? 
very readily. Ethylene bromide is a colourless liquid of agreeable 
odour, solidifies at 8°, boils at 131®, and at 15® has the density 2* 189. 

Trimethylene bromide or l:3-dibromopropane, CH 2 Br*CIl 2 ‘CH 2 Br, also 
plays an important part in syntheses, and is obtained by addition of 
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hydrogen bromide to allyl bromide, CH 2 :CII*CH*Br, produced from 
allyl idcohol. This method of formation suggests the constitution 
CHa-CHBr-CHjBr, that of the addition-product obtained by the action 
of bromine on i)ropene, CH 3 *CH:CH*. The two compounds not being 
identical, trimethylene bromide must have the 1 : 3-formula. It is a liquid 
boiling at 105®, and at 17° has the density 1-974. 

Penlainethj/lene tiilrroniide or 1 ; o-dibromopentane has the constitution 
indicated by the formula CHaBr-CHa-CHi-CHs-CHaBr. 


HI. POLYHYDRIC ALCOHOLS. 


X49. With more than one hydrogen atom of a saturated hydro- 
carbon replaced by hydroxyl, it is possible theoretically to have more 
than one hydroxyl-group in union with a single carbon atom, or to 
have each attached to a different one. It should bt; possible to obtain 
compounds of the first class by r(*placement of halogen by hyuroxyl in 
the halogen derivatives K-CHX2, R-CXa, and R-CX2-R.'. Silver 
acetab^ converts halogen compounds of this tyi)c into stable acetates. 


such as CH2 < 


0C2H;,0 

OCgHiiO- 


Saponification does not yield dihydric alcohols 


like CH2(0H)2, but givi'S aldehydes by elimination of one molecule 
of water. Sodium ethoxide converts compounds of the type RCC^lg 
into ortho-esters with the general formula R- C(OC2Ho)3. Saponification 
of these substances does not produce R-C(OH)3, the corresponding 
acid being formed instead through loss of water. Ethers of dihydric 

00* H'' 

alcohols, such as CH3 -CII<qq^j£'^’, are known, and are termed acetals 


(104, 2). Their hydrolysis does not yield R- CH (011)2, but an aldehyde. 
These facts indicate compomids with more than one hydroxyl-group 
attached to the same carbon atom to be unstable, although sometimes it is 
possible to obtain such derivatm^s (127, 201; 204, 230, and 234). 

Many substanci's containing several hydroxyl-groups are known, 
not more than one hydroxyl being in union with each carbon atom. 


3. Alkanediols or Glycols. 

ISO. The glycols are obtained from the corresponding halogen com- 
pounds analogously to the monohydric alcohols (39). 

The exchange of halogen for hydroxyl can be caused by means of acetate 
of silver or the acetate of an alkali-metal, and saponification of the diacetatc 
obtained. It also can be effected directly by boiling with sodium-car- 
bonate solution, or with water and lead oxide. 
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Glycols of the type R-CHOH-CHOH-R, with the CHOH-groups 
in direct union, are formed from alkenes either through the medium of 
their bromine addition-products, or by the direct addition of two 
hydroxyl-groups by means of careful oxidation with potassium perman- 
ganate. Rthenc yields the simplest dihydric alcohol, glycol’. 

CH2 : CH2-J-H2O+O = CH2OH . CH2OH. 

Another method for the formation of slycols of this tyi>e consists in the 
reduction of ketones, either by sodium in acjueous solution or by electrolysis. 
Acetone yields pinacal and isoiiropyl alcohol. Glyciols of the type of 
pinacol are termed pinacols, and can be o))tained without admixtun? of a 
S(!C<mdary alcohol by reduction of ald(!hy«les or ketones with magnesium- 
amalgam, an initial addition-product ))eing formeid with evolution of heat: 


2C1I3- C2-|-Mg = CfL- Cri CII- CH 3 

6- Mg- 6 ’ 

or 2CH»-CO CIl 3 f Mg= C C 

O-Mg-O 


Water decomposes the addition-product, with formation of the pinacol : 


CH* 

CH, 


>C C< 

I I 

O-Mg-O 


CH, 

CH,-|-2H.iO 


CH, 

CH, 


CH- 

> C(OH)— C^ (()H)-|-MgO. 
^CII, 


The constitution of pinacol is indicsitcd by its synthesis: 


CH,-CO-CrL-|-H CH,-C(OH)-CH, 

I 

CII,-CO-CH,-|-H CH,C(OH)-CH, 

Acetone Piiiiicol 


Distillation with dilute sulphuric acid induces in pinacol a remarkable 
intramolecular transformation, explicable on the assumption of a hydroxyl- 
group having changed place with a methyl-group: 

/OH /^R 

(CH,),C(OH).C^CH, (CH,),C-C^OH-H,0=(CH,),C-CO-CH,. 

Pinacol nCH, ^CH, Pinacolin 

The constitution of pinacolin can be inferred from its synthesis by the 
action of zinc methide on trimethylacetyl chloride, (Cn,),C-COCl, and in 
other ways. 
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Most of the glycols are colourless viscous liquids of sweet taste, the 
origin of the name of the series. Their boiling-points and densities are 
considerably liigher than those of the monohydric alcohols with the 
same nurnlx*r of carbon atoms. Glycol lx)ils at 197-5°, and ethyl 
alcohol at 78°; at 0° the density of glycol is 1*128, and of ethyl alcohol 
0*800. Th<^ nature of the hydroxyl-groups in glycol and that in the 
monohydric alcohols is perh^ctly analogous; since exchange of hydroxyl 
for halogen, the formation of cthtirs, esters, and alkoxides, and the oxida- 
tion of primary glycols to aldehydes and acids, may occur in connexion 
with one or both of the hydroxyl-groups. For instance, compounds 
such as C’.H20H*(::il2Cl, glycolchhyrohydrin; CH20C2H.r, * CH2OH, 
glyrolmonoethyl ether; and (JlJ20('2H5*CH2()C2H.'i, glycol diethyl ether 
are known. The glycols po.ssess a property due to the pres(mce of two 
hydroxyl-groups, the power of forming anhydrides. The first member 
of the series, glycol, (yH20H*CH20H, docs not yield an anhydride by 
the direct elimination of water, but a compound of the formula C2H4O 
is obtained by first n^placing one hydroxyl-group by an atom of chlorine 
and then eliminating hydrogen chloride: 

CH2(’1 CH2\ 

I -HCl= I > 0 . 

CHaOH CH2/ 

Glycolfhlorohydrin lOthciic* f>xidc! 

or ICpoxyotham? 

Epoxyethane or ethene oxide boils at 14° and normally is gaseous. 
It tak(*s up water readily, forming glycol; or hydrogen chloride, forming 
glycolchlorohydrin. To ethene oxidf! is assigned the constitutional 
fonnula indicated, becaus<; with phosphorus pentachloridc it 3nelds 
ethene chloride, tlie oxygen atom being replaced by two chlorine 
atoms. A compound with the possible bat less probable (131) consti- 
CH2 

tution [| would not yield ethene chloride with this reagent. 

CHOH 

Some of the higher homologucs of glycol with a chain of four or five 
carbon atoms between the hydroxyl-groups preduce anhydrides with a 
constitution analogous to that of ethene oxide. They show a marked 
diminution in the power of forming addition-products with water, the 
closed chain of carbon atoms and one oxygen atom being more stable 
than that in ethene oxide. 


2. Trihydric Alcohols. 

151. The principal representative of the group of trihydric alcohols 
is glycerol or “ glycerine,” C3H5(OH)3, discovered by Scheele in 1779. 
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The technical process available for the production of this substance is 
more than a century old, and involves the saponification of fats and oils, 
the glyceryl esters of the higher fatty acids (85 and 155). During the 
war of 1914 to 1918, glycerol was manufactured by the fermentation of 
sugars in presence of sodium sulphite (221), but this method has been 
abandoned. 

The synthesis of Rlyc'Tol was effected in 1873 by Friedeu and Silva, 
their l)asis being acetic acid. ThLs acid can be synthesized from its ele- 
ments in various ways, an example Ijeing the oxidation of acetaldehyde 
fonned by the action of water on act'tylene (125). Dry distillation of 
calcium acetate yields ac(;t<jne, convertible by reduction into isopropyl 
alwjhol. Elimination of the elements of water from this alcohol generates 
propene, a hydrocarbon transformed by chlorine into 1 : 2-{lichloropropane, 
this substjincc being converted by means of iodincj chloride into trichloro- 
hydrin. When heated with wat<*r at 170°, trichlurohydrin yields gb'cerol: 

CH,-COOH CHr CO-CIIs CH.-CIIOH CIL CIL-CIIiCH* 

Acetic acid Acetone lAoPropyl alcohol Propeno 

-» CHa-CIlCl CILCl -> CHitCl-CHCl-CH.Cl CILOII-CTIOH-CHaOH. 

1 ; 2-nichl<»ropropane Trichlurohydrin Glycerol 

In accordance with the general ruhi respecting the inability of a 
carbon atom to unite with two hydn)xyl-groups, glycerol can have only 
the structure CH20Tl*CH0H*C’n20H. This constitution is supported 
by Friedel and Silva’s synthesis anti by other evidence: 

1. Careful oxidation of allyl alcohoJl by means of potassium per- 
manganate adds two hydroxyl-groups at the double bond : 

CH2 : ClI • CH2OH -> CH2OII . C::iIOH . CH2OH. 

2. Glyceric acid, C3H0O4, is the product of the canfful oxidation of 
glycerol, CaHsOa, a reaction corresponding with the formation of acetic 
acid, C2H4O2, from ethanol, C 2 llf, 0 , by exchange of two hydrogen 
atoms for one oxygen atom, and indicating glycerol to contain one 
— CH20H-group. Further oxidation converts glyceric acid into mr- 
tronic acid, C 3 H 4 O 5 , two hydrogen atoms being replaced by one oxygen 
atom with formation of a new carboxyl-group. Glycerol therefore con- 
tains two — CTr 20 H-groups in the molecule, its constitution btung 
CH20H-CH20.CH20H. Since tartronic acid, C 0 ()H CH20 C 00 H, 
still possesses alcoholic properties, the group CH2O must have the con- 
stitution > CHOH. It must be similar in the molecule of glycerol, prov- 
ing the structure of this alcohol to be CH 20 H*CH[ 0 H-CH 2 ()H. 

3. A further proof of the constitution indicated is the formation of 
glycerol from l:2;3-tribromopropanc or tribromohydrin ( 147 ). 
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152 . Glycerol is a colourless oily liquid of sweet taste. It is very 
hygroscopic, and is miscible in all proportions with water and alcohol, 
but is insoluble in ether. Exposure for some time to a low temperature 
causes solidification, but the crystals formed do not melt below 17®. 
It boils at 290°, and at 15° has the density 1*265. Its chemical behav- 
iour accords completely with the constitution of a trihydric alcohol, 
exemplified by its yielding three esters by replacement of one, two, or 
three hydroxyl-groups. When borax is dissolved in glycerol or in a 
solution of it and the mixture is introduced into the flame, the green 
colour characteristic of free boric acid is observed, this reaction consti- 
tuting the basis of Skniek’s test for glycerol. Blood contains a small 
proportion of glj’^ccrol. 

The pro(Iu(!tion of acraldehyde ( 141 ) by the elimination of water 
from glycerol can be represented by the scheme 



cii2*c~ciion. 

|Oini] 

Cir 2 :C:CHOH should be obtained, but changes immediately to 
acraldehyde, ('II 2 :C 1 I*()q ( 131 )* 

153 . Glycerol is employed extensively in the arts and in medicine. 
One of its most important applications is to the preparation of the 
so-call(id "Nitroglycerine.” This explosive has a misleading name, 
being glyceryl trinitrate, 

CH20-N02 

CIIO.NO2, 

CH2O.NO2 

and not a nitro-compound ( 68 ), for its saponification with alkalis yields 
glycerol and the nitrate of the corresponding alkali-mctal. 

Glyceryl trinitrate is prepared by brining glycerol into contact with 
a mixture of concentrated sulphuric acid and nitric acid, rise of tempera- 
ture Ixiing prevented. Other polyhydric alcohols are converted analo- 
gously into nitrates. After a time, the reaction-mixture is poured into 
water, the nitrate separating in the form of an oily, very explosive liquid 
of faint, headache-producing odour. It can be purified by washing with 
water, the pure product not exploding spontaneously. 

The density of glyceryl trinitrate is 1*6. Its metastable form 
solidifies at 2 * 2 ®, and its stable modification at 12 * 2 ®. 
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IS4- Glyceryl trinitrate is a liquid, and its use in that form for technical 
purposes being attended with difficulties, it is mixed with infusorial earth 
(“Kieselguhr ”), being absorbed to form a sf)ft plastic mass, dynamite, 
containing usually 75 per cent, of the trinitrate and 25 per cent, of the 
earth. Glyceryl trinitrate can be obtained in the solid form also by dis- 
solving in it a small proportion of guneottoii (228) to convert it into an 
elastic solid termed “lllasting gelatine,” ami rescnibrnig jiuobos in con- 
sistence. Tliis substane has the advantage over dynamite of not h'uving 
any solid re.sidue after (‘xplosirin. Dynamite (;annot bes emploj’txl as 
ammunition, its velocity of explosion being so great as to jiroduee an 
impulse too violent for a gun (o resist without bursting. In technical 
language it is said to exert a “Brisaiit ” or detonating effect. 

155. Fats and oils. — Largo quantities of these substances exist in 
both the animal kingdom and the vegetable kingdom. In them the 
throe hydroxyl-groups of glycerol have been esterified by higher fatty 
acids. The hard fats such as bccf-tallow and mutton-tallow arc derived 
almost exclusively from palmitic acid and stearic a<;id. The soft fats 
also are derived from these acids in conjiundion with unsaturated acids 
such as oknc acid, and arc exemplified by lard and palm-kernel fat. 

In contrast with the essential oils (363), which arc volatile with 
steam, the fatty or fixed oils arc glyceryl triesters of unsaturated acids. 
Two types arc recognized, the non-drying oils and the drying oils. 
The first type includes olive oil and ahrumd oil, the main produt;t of their 
saponification being oleic acid. The name “drying oils ” originated in 
the property characteristic of these subslances of b(nng transformed by 
atmospheric oxygen info a hard transparent product, as a result of 
which they find w'ide application in the varnish intlustry. They arc 
derived from higher fatty acids wifh two double bonds, such as linoleic 
acid from linseed oil. 

Baiter occupies a unique position among the fats, being derived by 
the esterification with glyct^rol of a mixture of volatile fatty acids and 
two of their higher homologucs, stearic acid and palmitic acid. 

When butter is saponified with potassium hydrf)xi(le, the fatty acids 
are converted into potassium salts. On addition of dilute sulphuric acid 
to these salts and subsequent distillation, rt-butyric acid distils with the 
steam, being accompanied by other fatty aei<ls, such as caproic acid, in 
small proportion. The name “volatile fatty acids ” originated from this 
property. Since the.se acids are not obtained by similar treatment of other 
animal fats or of vegetable fats, their presence furnishes the most important 
test between butter and margarine. Owing to the proportion of volatile 
fatty acids in butter not being constant, but varying within wide limits, 
their estimation alone usually is insufficient to determine whether the 
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butter is pure or has been adulterated with margarine. Other tests must 
b(* applied, such as a determination of the refraction of the molten fat, 
that of butter having a value lower than that of margarine. 

The natural fats are always mixtures of vtirious tri-esters of glycerol, 
the esterilication of the; three hydroxyl-groups of that sulxstance having 
b(‘cn effected normally not by a single fatty acid but by different 
membera of the series. It is, however, possible to synthesize bodies 
which are tri-<*stcrs of glycerol, anti therefore simple fats, by heating 
the two sulxstances in the molecular proportion 1 : 3 at 200 ® under 
reduced pr(>s.surc until the liberation of water ceases. 

I'lie fats play a significant part, in the nutriment of the human race 
and of animals, and are a most, important constituent of food. During 
digestion, the fats are hydrolyzed by the action of the enzyme lipase 
secnited by the pancreatic glands, the glycerol and fatty acids produced 
re<!ombining in the body to yi(‘ld fats anew. 

The fat industry is very extensive, and includes such branches as 
the manufacture of soap (85), that of “stcarinc ” candles (8$), and that 
of margarin(5. The main feature of margarine production is the mixing 
of purified hard fats with soft fats or oils in such proportion as to yield a 
substance with the consistence of butter. 

Hiiicc the very large (iuantitie.s of sfjlid fats consumed in the margarine 
indu.stry now exceed the supplies available, whilst much gre»iter amounts 
of oils arc being produced, a process for “hardening ” oils or converting 
them into solid fats has acquinxl very markwi technical importance. It 
depends on the ready combination of hj^drogen with the unsaturated acids 
to form saturated acids, elTected by x)assing a current of the gas at a pres- 
sure exceeding one atmospher<' through a continuously agitated mixture of 
the oil and ixiwdcred nickel at a temperature of approximately 200°. 

3. Tetrahydric and Other Polyhydric Alcohols. 

156. Among tlu‘ tetrahydric alcohols is the natural product erythritol, 
CII2OII • CllOIi • CHOH • CH2OH. It contains a normal carbon chain, 
because reduction with hydrogen iodide converts it into 2-iodobiUane, 
CHaCIIICHaCIIa. 

Examples of pentahydric alcohols are arabitol and xylitol, C6H12O5. 
They an; stereoisomerides, as are also the hexahydric alcohols dulcitol 
and mannitol, CoIIhOo, both found in nature. Each has a normal 
carbon chain, and resembles erythritol in yielding a n-secondary iodide 
on reduction with hydrogen iodide, mannitol being converted into 
Z-iodohexane, 

CHa • CHa • CHI • CH2 • CH2 • CH3. 
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They can be obtained artificially l>y the reduction of the corresponding 
aldehydes or ketones, dulcitol being formed from galactose, and man- 
nitol from mannose and lacvulose. The reason for assuming their 
stereoisomerism is explained in 205, but here may be noted the presence 
in the polyhydric alcohols of asymmetric carbon atoms, indicated in the 
foiTOuljc by asterisks: 

CIlsOH . CJTOIl . (TIOH . CHOIT • CIIgOH ; 

Arabititl an<l XyJitol 

CH2OH • CnOH . CHOTl • ( TlOH • CHOH • CH2OIT. 

Dulfiiol and Mannitol 

157. Th(! polyhydric alcohols prevent the precipitation of the 
hydroxides of copp(;r, iron, and other metals by means of alkalis, a solu- 
tion of cupric sulphate and glyc(*rol not yielding a prtjcipitatc of cupric 
hydroxide with potiissium hydroxide. This phenomenon is due to the 
formation of soluble mt'tallic compounds of the polyhydric alcohols, the 
hydroxyl-hydrogen being replaced by the im'tal. The acidic nature of 
the hydroxyl-group, a charactcnistic almost lacking in the monohydric 
alcohols, is <lcv(;loped therefore in some measure by incrcas(‘ in the 
number of these groups present in the molecule. I'liis property is 
possessed not only by the fiolyhydric alcohols, l)ut also by many other 
compounds containing several hj'dro.xyl-groups (191). 

IV. DERIVATIVES CONTAINING HALOGEN ATOMS, HYDROXYL-GROUPS, 
NITRO-GROUPS, OR AMINO-GROUPS. 

158. Only a few of the numerous compounds beh^nging to this class 
will be consid(!rctl. The chemical properties of its members are deter- 
mined by the substituents. 

Substances with halogen and hydroxyl in union with the same carbon 
atom arc not known; but derivatives having these substituents attached 
to different carbon atoms are obtained from the polyhydric alcohols by 
partial exchange of hydroxyl for halogen, and have the general name 
halogen-hydrins. Glycerol dichlarohydrin, C3H5(OH)Cl2, is formed by 
saturating with hydrogen chloride a solution of glycerol in glacial acetic 
acid. It has the symmetrical formula CH2CI • CHOH • CII2CI, for it 
differs from the dichlorohydrin obtained by addition of chlorine to allyl 
alcohol, this derivative having the constitution Cn20H-CHCl *011201. 
Each dichlorohydrin is converted by potassium hydroxide into epi- 
cfdorohydrin, 

CH2-CH.CH2C1 
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DinUro-compoundf! having both nitro-groups in union with tho same 
cari)on atom are formed from primary bromo-nitro-compounds by the 
action of ixitassium nitrih*: 


C:H;,. C'JIBrN02+ KNO2 = Clla- CH(N02)2+Klir. 

The hydrogen atom belonging to the carbon atom carrying the nitro- 
groups can bo replaced readily by metals, an indication of the acidic 
character of these primary dinitro-eom pounds (322). 

159. Diamines with tho two amino-groups attached to the same 
carbon atom are not numerous, mf)st of th('m having their amino- 
groups in union with diffonmt carbon atoms. Some of these com- 
pounds are formed by the putrefaction of animal matter such as flesh, 
and arc classed as ptomaines with other basic substanccis similarly 
formed. Such are cadaverine or 1 : 5 -diaminopentane, 


NH2 • CH2 • (CH2h • CH2 • NH2, 


and pvirescine or 1 : A-diaminohutane, NI-l2*CH2* (CH2)2 *01^12 • NH2. 
The constitution of these substances has bet*n proved by synthesis, 
1 : 5-diaminopentane having been obtained from 1 : 3-dibromopropanc, 
Br*CH2*CH2*CH2*Hr. This substance is converted by potassium 
cyanide into propanc-1 : 3-dicarbonitrile, CN*CIl2'C’H2*CH2*CN, 
reduction with sodium and Ijoiling alcohol transforming the cyano- 
groups of this product into CH2NH2-groups (78), with formation of 
the diamine: 

CN CII2NII2 

(CH2)3-^(CH2)3 . 

CN CH2NH2 

Heating 1 : 5-diaminopcniane hydrochloride eliminates one mole- 
cule of ammonia from each molecule, and converts it into piperidine 
with the character of a saturated secondary amine. For this reason 
and other reasons (388) piperidine is assigned a ring or cyclic formula: 

yCRi • CH2NH2 y CH2 • CH2 

CH2 -NH3 = c5H2 ^NH. 

• CH2NH2 • CH2 

1 : 5-l>iaiiiim}pentane Piperidine 

When heated, 1 : 4-diaminobutane and 1 : 3-diaminopropane yield 
analogous cyclic compounds, but less readily, whereas di^minoethano 
does not. 
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i6o. Choline, C5H15O2N, is partly amine and partly alcohol, and 
should be mentioned on account of its physiological importance. It is 
distributed widely throughout both the animal world and the vegetable 
kingdom. Its constitution is inferred from its synthesis by the inter- 
action of trimethylainine and cthene oxide in aqueous solution: 

(CH3)3N CH2CH2 yCH2-CH20H 

+ + \^ =(CH 3 ) 3 N 

OHH O 

Choline 

A derivative widely distributed throughout both the natural king- 
doms, and closely related to choline, is colamine or aminocthyl alcohol, 

NH2-CH2.CH20H (349). 

Choline and colamine are constituents of very coinidcx conqmunds 
known as phosphalides on account of their pliosphorus cont(!nt, and i)resent 
in the spleen, the brain, yolk of egg, and elsewhere. The phosphatides are 
derivatives of glyet;rol with one or two of its hydroxyl-groups eshirificd by 
fatty acids, and of j)hosphoric a<!id in union with a basic substsmce. 

The lecUhines are derived from glycerojdiosphoric acid, and are the 
most important members of the phosphatide group. 

With baryta-water lecithine yields choline, one or more of the fatty 
acids named, an<l glycerophosphoric acid; and therefore it should have for- 
mula I or formula 11, R and II' being acidic radicals; 

I. CHjOR-CH-CH^OR' 

1 

OPO 

'\0CI1*CII*N(CH,), 

I 

Oil 

^II 

II. CH,OR-CHOR'-CII*O.PO 

\)CH2-CH*.N(Cn,), 

I 

on 

Many types of lecithine are known, the differences between them being 
partly due to the phosphoric-acid radical being in union either with one of 
the terminal hydroxyl-groups of the glycerol or with its central hydroxyl- 
group. The type with the phosphoric-acid radical located at the central 
carbon atom of glycerol is much the more common form. Another cause 
of difference is the nature of the acidic radicals united with both the other 
hydroxyl-groups to form esters. 
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The Iccithines arc optically active. In formula II the centre carbon 
atom of the glycerol residue is a^nmetric. When the phosphoric-acid 
radical is united with the central carbon atom as in formula I, this atom 
can be asymmetric only if II and R' be dissimilar, as in 

CIROR- CHOPh- CH 2 OR', 

where Ph represents the phosphoric-acid radiml. Natural lecithine is 
alvrays a mixture of the different types. 

The locithines (lissolve readily in alcohol, but with difficulty in ether. 
With both ackls and bases they form salts corres])onding with the two 
structural forinulsc I and II. 

Another important phosphatide is kephedine, present in the brain. 
It differs from the Iccithines in structure through having aminoethanol or 
colamine a.s its basic constituent instead of choline. 

Ijccithincs can bo synthesized by the action of phosphoric oxide on such 
a substance as dist<!aryIglycerol, an ester of metaphosphoric a -id and this 
acid itself being produced: 

(CHsOID^CHOH+OsP-OPOj ^ (CIl20R).CH0*P02+HP0,. 

Water transforms the uwstaphosphoric cister into the orthophosphoric 
ester, a substance convertible by choline into lecithine or by colamine into 
kephaline. 
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I. SATURATED DIBASIC ACIDS, C„IIan-204. 

i6i. Many isoinoridos of tho acids CnH2ii(C()OH)2 arc possible 
theoretically, and dilf(?r from one another in tho positions occupied by 
the carboxyl-groups in union with the carbon chain. For many rc'asons 
the most important are the aa'-acids (36) with carboxyl-groups attached 
to the terminal carbon atoms of the normal chain. 

The general methods for the preparation of the dibjisic acids and 
those for the monobasic acids are analogous. The dibasic acids are 
produced by the oxidation of the corresponding glycols and aldehydes, 
and by the hydrolysis of the dinitrilcs, although many of them are 
prepared by special methods. 

Physical and Chemical Properties. 

These acids arc well-defined crystalline substances, and those with 
more than three carbon atoms can be distilled in vacuo without decom- 
position. When distilled at the ordinary pressure, many of them lose 
water. 

The melting-points of these acids exhibit a peculiarity characteristic 
of the fatty acids (80), the rnomlx'rs with an even number of carbon 
atoms having higher melting-points than those immediately succeeding 
them with an uneven number of carbcfti atoms, {is is demonstrated by 
the table on next page. 

This relation is represented graphically in Fig. 30 , the melting-points 
of the even scries and those of the uneven scries Approximating more 
and more closely as the number of the carbon atoms increases. 

A similar peculiarity is chamctcristic of other physical constants of 
these acids, that of the solubility in water being given in the last column 
of the table. The solubility of the acids with an uneven munber of 
carbon atoms is much greater than the solubility of those with an even 
number, and for both types the solubility diminishes with increase in 
the number of carbon atoms. 

Verkade found alterations of this type to be associated only with 
properties characteristic of the solid state, and indicated tho probability 
of such variations being connected with crystal form. He noted similar 
alternations for the heats of combustion of the solid dibasic acids, but 
not for those of their liquid dimethyl esters. Other physical properties 
of these liquids, such as boiling-point, refractivity, and density, do not 
exhibit the phenomenon. 177 
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Name. 

Formula. 

Melting- 

point. 

Parts by 
Weight 
Soluble in 
100 l*art« 
of Water 
at 20°. 

O.xalic acid 

COOH.CXX)!! 


8-6 

Malonic acid 

COOlI-CHo-COOH 

133° 

73-5 

Succinic acid 

CAKm-(cii^2-cx)im 

183“ 

5-8 

Cilutaric acid 

COOII.(CIl 2 )s-C(X>H 

97^5° 

63-9 

Adipic acid 

C()OH.(Cn2),.C;OOH 

153° 

1-5 

Pimclic acid 

C(X)II.(CH2)i-COOH 

105-5° 

5-0 

SuherifJ acid 

CO()H.(CH,>r.-COOII 

140° 

0-16 

Azelaic acid 

C(M)ll.(CII.)..(X)OTl 

10S° 

0-24 

Sebacic acid 

CX)()Il.(CIT.),.C()()H 

181-5° 

0-10 

Nonancdicarboxylic acid 

C()()II.(Cll.^.j.(X)()ll 

110° 


Dccamethy]c'nedicarbo.\vli(J acid . 


126° 


Brassvlif: aci<J 

Dod(»cainctliylcnedicarboxy!ic 

coon. (cua),,. coon 

112° 


acid 

COOTr.(Cll2).2.COOH 

124° 

1 



♦Anliydrous oxalic acid. 


Oxalic acid is a very much stronger acid than its homologues, as the 
dissociation-constants indicate. For oxalic acid lO^A: is about 1000, for 



Fui. 30. — CiiAPHic Hepkesentation of the Meetino-points of the Acids 

Cnlljn-jD,. 


malonic acid 16-3, and for succinic acid 0-G5; for the remaining acids it 
has values diminishing with increase in the number of carbon atoms, but 
of the same order as the last number. The longer the carbon chain 
. between the carboxyl-groups, the weaker is the acid (172). The values of 
the dissociation-constants arc considerably higher than those of the cor- 
responding saturated monobasic acids with the same number of carbon 
atoms. 
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OxaUc Acid, C2ll204,2H20. 

i6a. Between oxalic acid and formic acid there exists a genetic inter- 
dependence, it being possible to prepare formic acid from oxalic acid, or 
conversely oxalic acid from formic acid. On heating potassium 
formate or sodium formate strongly, hydrogen is evolved from the 
fusing mass, and potassium oxalate or sodium oxalate is produced: 

KOOC 

KOOC 

The reverse transformation of oxalic acid into formic acid is described 
in 163 , and constitutes the ordinary laboratory method for the prepara- 
tion of formic acid. 

Frequently oxalic acid is produced by ih(^ oxidation of organic sub- 
stances with nitric acid, exemplified by its formation through the action 
of that acid on sugar. On the manufacturing scale it is prepared by 
heating to fusion a mixture of potassium hydroxide; and sodium hydrox- 
ide along with sawdust. A formate is an intermediate product, and on 
further heating loses hydrogen, l)eing converted into an oxalate. After 
cooling, the mass is lixiviated with water, the oxalate going into solution. 
The oxalic acid is precipitated as calcium oxalate by the addition of 
milk of lime, and obtained in the free state by the action of sulphuric 
acid. 

The production of oxalic acid by tbe interaction of carbon dioxide 
and potassium or sodium in the neighborhood of 360°, and its formation 
by the hydrolysis of cyanogen, CN*CN, arc of theoretical importance. 

Oxalic acid occurs in nature in different plants, chiefly in species of 
oxalis, in the form of potassium hydrogen, or calcium, salt. Sometimes 
it is found in plant-cells as a crystalline dt?posit of calcium oxalate 
termed raphides. It crystallizes with two molecules of water of crystal- 
lization, and at 30° it begins to lose this water. On heating carefully 
the anhydrous acid sublimes, but when heated strongly, cither alone or 
with concentrated sulphuric acid, it decomposes into carbon dioxide, 
carbon monoxide, and water. The velocity of this decomposition is 
dependent largely on small differences in the proportion of water 
present in the samples of concentrated acid employed, one of the few 
instances of a reaction being retarded by the influence of water. A 
similar decomposition ensues through exposure of a solution of uranium 
oxalate to sunlight, carbon monoxide and carbon dioxide being evolved 
energetically. Oxalic acid is oxidized very readily, a volumetric method 
for its estimation depending on the use of potassium permanganate in 


II KOOC 

I +112. 
11 KOOC 
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sulphurif;-a(!i(i solution, each molecule of oxalic acid requiring one atom 
of oxygen; 

C^2H204 +0 = 2002+1120. 

The oxidation with permanganate accords with the equation 

2KMnO4+5C2ll2O4+3H2SO4 = K2SO4+2MnSO4+10CO2+8Il2O. 

The manganese sulphate formed has a caial\d.ic accelerating action on the 
pro(?(\ss, the first few drops of p(;rinanganate solution being decolorized 
V(iry slowly, but further addition of permanganate being attended by the 
instantaneous disapp(»arance of the colour. AVhen manganese sulphate is 
added to the oxalie-acid solution before the titration, the permanganate is 
decolorized at once. 

Only the salts of the alkali-mot als are soluble in water. Calcium 
oxalate, CaC 204 , 2 Tl 20 , is insoluble in acetic acid, but soluble in mineral 
acids; its formation servos as a t('st both for cahdiirri and for oxalic acid. 
As a dibasic acid, oxalic acid yields both primary and normal salts. The 
so-called quadroxalates also arc known, compounds of one molecule of 
primary salt with one molecule of acid, an example being ''Salt of sorrel,’’ 
KHC 204 ,H 2 C 204 , 2 H 20 . a groat number of complex salts of oxalic 
acid is known, many of them containing alkali-metals, and being 
soluble in water. They an? employed in electro-analysis. 

A tyiie of these complex salts is polassinin ferrous oxalate, K 2 Fe(C 204 ) 2 . 
It yields a yellow solution, indicating the presence of a complex ion, prob- 
ably (Ie((.' 204 ) 2 )", ferrous salts being usually light-green. Potassium 
ferrous oxalalo is a strong reducer, and is c?mployed for the development of 
photognij)hie plates. 

Potassium ferric oxalate, K3Ke(C204)3, yields a green solution, denoting 
the pn?sei)cc of a comfJcx ion, j>ossibly (Fe(C 204 ) 3 )"'. Its solution is 
reduced rapidly by sunlight, in accordance with the equation 

2K3Fe(C2()4) 3 - 2K2Fe(C204)2+K2C204+2C02. 

This property is appli(?d to the preparation of platinotyjtes. The photo- 
graphic negative is placed on a sheet of paper saturated with potassium 
ferric oxalate, reduction to ferrous salt taking jdaee only where the light is 
transmitted through the negative. On contact of the ])aper with a solution 
of a platinum salt, the metal is deposited only on the parts coated with 
potassium ferrous oxalate. 

Edek's solution has remarkable properties. It consists of a mixture of 
two volumes of a four per cent, solution of ammonium oxalate, and one 
volume of a five per cent, solution of mercuric chloride. In the dark it 
remains unaltered, but under the influence of light it decomposes with 
precipitation of mercurous chloride: 

2HgCl2+(NH4)2C204=2HgCl+2C02+2NH4Cl. 
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The decomposition is accelerated greatly by the presence of fluorescent 
substances such as cosin (348). 

163. Dimethyl oxalate is a solid melting at 54°, and is employed in 
+ho preparation of pure methyl alcohol. Diethyl oxalate is a liquid. 
Each is prepared by distilling a solut ion of anhydrous oxalic acid in the 
absolute alcohol. 

Oxalyl chloride, COC’-CCX/l, is produced by the interaction of two 
gramme-molecules of phosphorus pontachloride and one gramme- 
molecule of oxalic acid. It is a colourless liquid, boils at 64°, and at 
— 12° solidifies to white crystals. Contact of its vapour with steam 
forms oxalic acid and hydrochloric acid; but liquid water converts it 
quantitatively into carbon dioxide, carbon monoxide, and hydro<;hloric 
a(!id. 

Oxamide, CONIT 2 '(/ONH 2 , is a white solid nearly insoluble in water, 
alcohol, and cth(‘r, and is obtained as a crystalline precipitate by the 
addition of ammonia to a solution of a dialkyl oxalate. The mono- 
amides of the dibasit! acids are termed amic acids, that of oxalic acid 
being oxamic acid, CONH 2 *COOIl. It is a crystalline compound, 
readily soluble in cold water and insoluble in alcohol. 

The interaction of oxalic acid, HOOCbCOOH, and glycerol yields 
either allyl alcohol (132) or formic aci<l (81), th(^ product formed being 
dependent on the exp(?rimcntal conditions. This action constitutes 
the. basis of the laboratory method of pnqxmng each of these com- 
pounds. * 

On dissolving anhydrous oxalic acid in ex(!ess of glycerol at a tem- 
perature approximating to 50°, the initial product is an oxalic ester of 
glycerol (I), since addition of alcoholic ammonia produces oxamide as 
with other oxalic esters. Rise of temperature causes elimination of 
two molecules of carbon dioxide, with production of allyl alcohol (II): 

CH20.C() (IH 2 CH 2 O.CO.CO 2 H 

I II I 

(m0-C0-2C02 = CH ; CHOII -C02 = 

CH 2 OH CH 2 OII CH 2 OH 

I. 11. III. 

CH 2 O.CO.H+II 2 O CH 2 OH 

I • I 

= CHOH -> CHOH -I- II . CO 2 H. 

I 

CH 2 OH 


CH 2 OH 

IV. 
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The quantity of allyl alcohol formed is equivalent to that of the oxamide 
which can he precipitated from an equal volume of the reaction-mixture. 

With oxalic acid containing water of crystallization, the initial 
product is the primary oxalic ester of glycerol (III). On warming, this 
compound readily loses one molecule of carbon dioxide, with formation 
of glyceryl monoformate or monoformin (IV). On adding more oxalic 
acid, formic acid is liberated and distils. Simultaneously, the primary 
oxalic ester of glycerol is formed again, and becomes available for the 
production of more formic acid. The glycerol is regenerated, indi- 
cating a given weight of this substance to be capable of transforming an 
unlimited quantity of oxalic acid. 


Methanedicarboxylic or Malonic Acid, COOH >0112*00011. 

164. The constitution of malonic acid is proved by its synthesis 
from monochloroacetic acid. Boiling an aejueous solution of potassium 
monochloroacetate with potassium cyanide forms cyanoacetic acid, 
convertible into malonic acid by hydn)lysis of the (iyano-group: 


( II 2 < COOH ^ COOH 

Moiiocliloroacctic acid Cyanoacetic acid 


CH2< 


COOH 

COOH. 


Malonic acid 


Malonic acid is a crystalline substance, and some of its physical prop- 
erties are given in the table in 161. When heated somewhat above its 
melting-point, it loses one molecule of carbon dioxide, being converted 
into acetic acid; 

COOH . CII2 • [COO|lI = CO2+COOH . CH3. 

The effect of heating above its melting-point a compound with two carboxyl- 
groups in union with one carbon atom is to eliminate one molecule of carbon 
dioxide from each molecule. 

The most important derivative of malonic acid is diethyl malonate, 
many important syntheses being accomplished by its aid. It is a 
liquid of faint odour, boiling at 198°, and having at 15“ the density 
1 >061. With sodium in the proportion of one atom to each molecule of 
ester, hydrogen is evolved, and the diethyl malonate is converted into a 
solid mass. In this reaction, hydrogen is replaced by sodium, 3delding 
diethyl monosodiomalonate, a compound of the structure 


COOCzHs 

CHJNa 

COOC2H6 
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This constitution is indicated by the action of an alkyl halide (iodide), 
a sodium halide and an ester being obtained: 


C2H5 I+Na CH(COOC2lT6)2 = C2H5 • CH(COOC2H5)2+NaI. 


On saponification, this ester yields a homologue of malonic acid. 

If two atoms of sodium, instead of one, react with one molecule of 
diethyl malonate, two h^'drogen atoms are replaced. Each of these 
hydrogen atoms is in the methylene-group, contact of the disodio- 
compound with two molecules of an alkyl iodide replacing the two 
sodium atoms by alkyl, with production of a substance converted by 
saponification into a homologue of malonic acid: 


COOC2H5 COOC2H5 

C [Na2+2T] C2H5 - 2NaI-|-C(C2Tl5)2 . 
CObC2H5 COOtJaHs 


It is possible also to introduce two different alkyl-groups into diethyl 
malonate. Diethyl monosodiomalonate reacts with methyl iodide to 
form the diethyl ester of methylmalonic acid; with sodium this deriva- 
tive yields another sodium compound, converted by ethyl iodide into 
the diethyl ester of methylothylmalonic acid. The reaction is dis- 
cussed further in the chapter on tautomerism (235). 

These examples indicate the possibility of synthesizing a great 
number of dibasic acids from diethyl malonate. The presence in each 
of these acids of two carboxyl-groups in union with the same carbon 
atom, and the resemblance of each to malonic acid displayed in the 
property of losing from each molecule a molecule* of carbon dioxide 
through heating above the melting-point, makes evident the appli- 
cability of the so-called “malonic-ester synthesis” also to the prepara- 
tion of the monobasic fatty acids. This process is exemplified by the 
action of heat on mcthylethylmalonic acid, each molecule losing a 
molecule of carbon dioxide with formation of methylethylacctic acid, 
idenlical in constitution with active valeric acid (47), and resoluble into 
two active components: 

COOH COOH 

CIIs • C • C2H6 = CHs • C • C2Hfi. 

[cbolH H 

Methylethylmalonic Valeric acid 
acid 

The malonic-ester synthesis is employed extensively in the prepara- 
tion of acids, and will be the subject of frequent reference. 
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For the synthetic production of the higher dibasic acids of this series 
sdieduhKi in the table of i6i various methods are available. An example 
is the reduction by sodium and boiling alcohol of the ester of heptanedi- 
carboxylic acid -1 : 7 or azekic acid to the corresponding diol, nonancdiol -1 : 9 
(92). Dry ga.seou8 hydrogen bromide at 150 “ transforms this diol into 
dibromononane-l : 9 , convertible by the malonic-ester synthesis through 
elimination of two molecules of carbon dioxide into vndecanedicarhoxylic 
acid-] : 11, a dibasic acid with four more carbon atoms than its parent 
substance. A dibasic acid with only two additional carbon atoms can l)c 
obtained by the interaction of dibromononane-l : 9 and potas.sium cyanide, 
followed by hydroij'sis of the dicarbonitrilo forriKxl. 

165. Carbon suboride, C 3 O 2 , is prepared best by bringing diacetyl- 
tartaric anliydride (iQi) in the gastHtu-s state into contact Avith a n^d-hot 
platinum wire, in accordance with the scheme 


CHaCOOCITCOv 


CIIsCOOCII-CO 


I > 0 - 2 (^Il:,C 00 H 

.C(V 



-CO 


C 




Its structure follows from its formation by the distillation of dry 
malonic acid with ten times its weight of j)h(jsphoric oxide: 


yCOOH 

Clh<C -21120 
^COOIl 



Carbon sul)oxid(3 is stal)le», only at low temperatures; at the ordinary 
temperature it polymerizi'S in the course of a single day to a blackish-red 
amorphous mass. 

It is a gas of very i)ungent odour, and can be condensed to a liciuid 
boiling at 0° and solidifying at -111- 3 °. With wat(ir it regenerates malonic 
acid, indicating it to be an anhydride of that acid. The true anhydride, 

CU.<“>0. 


analogous to the anhydrides of the higher homologues of malonic acid, 
does not exist. 

Com)>ounds containing the group CH2=CO are known, and arc desig- 
nated elhenoma or ketens. Carbon suboxide is the simplest diketen. 

Etfaane-i:2-dicarboxylic or Succinic Acid, COOH«CH 2 *CH 2 ’COOH. 

i66. Succinic acid i.s a crystalline substance melting at 182°, and 
dissolving with difficulty in cold water. It is present in amber, in fos- 
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silized wood, and in many plants, and can be prepared synthetically by 
tho following methods. 

1. From ethono bromide by means of potassium cyanide, the 
dicyanoethane, CN*CH2*CH2*CN, formed being hydrolyzed to suc- 
cinic acid. 

2. From malonic acid by Ihe inieraction of diethyl monosodiomalon- 
afc and ethyl monochloroacetate; 

(COOCgHrQaCII | Na+CljldgC • COOCafls = 

= NaCl + (COO( yh)2( • ( ’Ha • COOCsH^. 

In this reaction an ester of ethanclricarhoxylic acid is formed. At 
temperatures alx)vc its melting-point, each molecule of the correspond- 
ing acid loses one molecule of carbon dioxide, yielding succinic acid: 


CHa-rOOII Cll2-(X)OTI 
lCOOlll-Cll.(’()OH ~^Cll2-CX)OH. 

Succinic acid and symmetrically substituted succinic acids can be 
obtained also by the action of an ethereal solution of iodine or bromine 
on diethyl rnonosodiomalonate or its monoalkyl-derivatives: 


COOC2H5 
AC 


COOt’sHr, COOC2H.r, COOCalls 

Na -bfr+ Na|C-A^ =A-C C-A' -|-2NaI. 

COOCallr, C’OOCzIIs COOCallr, COOC2H5 


A Hydrogen or alkyl 


Totracarboxylic ester 


By saponification and elimination of carbon dioxide the ('ster formed is 
converted into the dibasic acid: 


coon COOTI 

A-C C-A' = 

I COO I H I cool H 


A -CH-COOII 
A'.CH-C00H“*'^^^^‘ 


Unlike calcium oxalate, calcivni succinate is soluble in water. A char- 
acteri.stic salt is ferric succinate, deposited as an amorphous, flocculent, 
brownish-red precipitate by mixing solutions of ferric chloride and an 
alkali-metal succinate. 


Formation of Anhydrides. 

167. Oxalic acid and malonic acid do not yield anhydrides (165), 
but succinic acid, C4H6O4, and glutaric acid, C5H8O4, give them very 
readily. The formation of anhydride is due to the elimination of one 
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molecule of water from one molecule of the dibasic acid, as is proved by 
a determination of the molecular weights of the anhydrides: 

Clla-COOfll C^H2— C(X 

I -H.O= I >0; 

CHj— cqoil CHj— C(K 

Sunoinic aiiliyrlride 

/CH2— coo;n /CHa— C0\ 

CHa J -IT20 = (^IIa a 

NCIIa— C0|0H '^CTIa— CO/ 

Gluturic anhydride 




Fig. 31. — Spacial Representation of the Bonds between 2 to 5 

C'arbon Atoms. 


These anhydrides are reconverted into the corresponding dibasic acids 
by dissolving them in water. 

CHa-COv 

A derivative of succinic acid, swxinimide, | /NH, has a ring 

CHa-CO/ 

of four carbon atoms and one nitrogen atom, and is formed by the rapid 
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distillation of ammonium succinate. The atoms situated at the 
extremities of a carbon chain of four or five carbon atoms interact 
very readily; but those in shorter chains interact only with difficulty, 
or not at all. Analogous phenomena are the elimination of one molecule 
of water from aa'-glycols (150), and of ammonia from aa'-diamines 
(159), both effected very readily with a carbon chain of four or five 
carbon atoms, but with a shorter chain either impossible or leading to 
the formation of very u* stable compounds. A satisfactory explanation 
of these phenomena and of others of similar typo, can be attained by a 
consideration of the direction of the bonds in space. In 48 the four 
affinities of the carbon atom were assumed to be directed towards the 
angles of a regular tetrahedron with the carbon atom at the centre. 
For a single bond between two carbon atoms one affinity of each of 
these atoms is supposed to be attached to one affinity of the other 
CFig. 31). The position in space of the carbon atoms in a chain of three 
or more members, and the direction of their affinities, are represented 
in the figure. 

Obviously in a normal chain of four carbon atoms the affinities at 
the extremities approach one another closely, and in a chain of five 
carbon atoms still more closely, thus facilitating ready interaction. 

A few instances are known of compounds with a closetl chain con- 

CHa-CHz 

taining only two carbon atoino, such as epoxyethane, X,/ 

O 

The figure indicates for two carbon atoms the necessity for a considerable 
change in the directions of the affinities to render the formation of a ring 
possible. Such compomids arc unstable, the closed chain being ojjened 
very readily, Jis is indicated by the “strain-theory ” of voN Baeyer 

(120). 

The Saponification of Esters of Polyhydric Alcohols and of 
Polybasic Acids. 

168. Esters can be saponified by means of cither acids or alkalis. 
In the saponification with acid of the esters of symmetrical dibasic acids 
and of the esters of dihydric alcohols, the process docs not take place 
step-by-step, and the remarkable fact of the ratio of the saponification- 
constants of the neutral and the acid esters, or of the neutral and the 
alcoholic esters, being as 2 : 1 ha“ been established. This phenomenon 
is exemplified by the saponification with acid of glycol diacctate, a 
process unattended by the intermediate formation of monoacetate, the 
velocity-constant being twice as great as that for glycol monoacetatc. 
A similar ratio exists between the constants for diethyl malonatc and 
9thyl hydrogen m^onate, 
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Thoro is a simple theoretical explanation of tliis phenomenon. In 
the acid saponification the hydrogen ions exert a catalytic action, and 
the saponification may be assumed fo be due to the impacts of the ions 
with the ester moh'cules. The hydrogen ions being much smaller than 
th(?sc molocuU's, localization of the impacts to ester-groups can be (con- 
sidered the cause of saponification. For equimolccular confcentration 
the impacts are twice jis numerous for the esters of dihydric alcohols or 
of dibasic acids as for mono-esters, .os can be test (id by a doubling of the 
concentration of the (ister of a rnonohydric alcohol and of a monobasic 
acid. 

For esters like those of methylsuccinic acid, 

coon • ( 'll (CII3) . ( 'II2 • C 'OOH, 

the lack of structural symmetry prevents the molecuki (consisf'ng of two 
similar parts, and the v(il()city-c,oiistants arc not in the ratio 2:1. On 
saponification, such esters should Inihave as a mixture of two dissimilar 
esters, and experiment, has confirmed this view. 

In the saijonification with alkali of the (>stcrs of polyhydric alcohols, 
the saponification-constants (‘xhibit a similar ratio. If the constant for 
glyceryl m(moa(!elate be 1, that for the diacetate is 2, and that for the 
triacetate 3. In this instance the hydroxyl-ions exert a catalytic action, 
and (he explanation of the simple ratio of the constants is similar to 
that given fur thr hydrogen ions. Obviously th(‘ ('xistence of th('.se 
ratios is contingent 011 instaiilanrou.s saponification of the esters, and 
it would be incompatible with the step-by-step process formerly assumed 
to occur. 

For the saponification by alkalis of the esters of polybasic acids the 
ratio of the constants is entirely different, the numerical value of the 
constant for the normal ester being many times gn;ater than that for 
the primary ester. This phenomenon is exemplified by the saponification- 
velocities of diethyl rnalonate and ethyl hydrogen malonatc, their ratio 
l)eing almost 100 : 1. This fact is explicable on the assumption of step- 
by-step saponification, the process inducing the presence in the alkaline 
solut'on of the i)rimary ester of many anions such as 

CaTIsOOC-CHa-COO', 

the primary ester existing in this solution as a highly-ionized salt. The 
saponifying action of the n(;gatively-charged hydroxyl-ions is inhibited 
in great measure by the reixjllent influence of the similarly-charged 
anions. 
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n. UNSATURATED DIBASIC ACIDS. 

Fumaric Acid and Maleic Acid, C 4 II 4 O 4 . 

169. The most important members of the group of unsaturaled 
dibasic acids are fumaric add and maleic add, both with tlie formula 
C4H404. They have boon investigated exhaastivcly, a complete? expla- 
nation of their isomerism having been attained finally by an applica- 
tion of the principles of stereoisomerism. 

Fumaric acid is distributed somewhat widely in the vegetable 
kingdom. It does not molt at the ordinary pressure, but sublimes in 
the neighbourhood of 200°; and it dissolves with difficulty in water. 
Maleic acid is not a natural product; it melts at 130°, and is very 
readily soluble in water. 

Kach acid can be obtained by heating malic acid (187), 


COOH • CHOIT . CH 2 • COOTT, 


the effect dcf)ending on the tcmj)erature and duration of the reaction. 
Fumaric acid is the i)rincipal pnxluct of prolonged heating between 
140° and l.')0°, but. exposure to a hight?r temperature yields a distillate 
consisting of the anhydride of maleic a(?id and wafer. This anhydride 
takes up water readily, regenerating the acid. These processes con- 
stitute the ordinary methods for the preparation of these acids, and 
they indicate both to have tiu? same stmctural formula: 


COOH . . CH • COOH 

OH H 


H20 = C00H.C1I:(^H-C00H. 


This view of their constitution is support (h 1 by the conversion of each 
acid into succinic acid by means of sodium-arnalgarn and water, and 
also by the formation of monobromosuccinic acid by addition of hydrogen 
bromide, and of malic acid by heating with water at a high tempera- 
ture. Both acids therefore have the same constitutional formula, 

COOH . CH : CH • COOH. 

The isomerism of the crotonic acids is similar (136). It remains to 
consider how this isomerism can be explained by the aid of stereo- 
chemistry. 

170. A single bond between two carbon atoms may be represented 
(167) as in Fig. 32. If the tetrahedra be drawn in full, the single bond 
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will be as in Fig. 33. If the tetrahedra be free to rotate round their 
common axis, isomerism cannot be expected for compounds Cabc — Cdef, 
nor has it been observed. 

With a double bond, two affinities of each carbon atom come into 



Fia. 32. Fio. 3.3. 

SiNGtiB Bond between two Caiibon Atoms. 


play, as represented grai)hically in Figs. 34, 35, and 36, free rotation of 
the tetrahedra relative to oiuj another being no longer possible. 

The figures indicate difference of grouping to depend on the position 
of the groups a and b of one tetrahedron with reference to the similar 



Fi<i. .34. Fig. 35. Fig. 36. 

Grai'hic SrAciAL Rki’rkhkntation of tub Double Bond bktwben two 

Carbon Atoms. 


groups a and 6 of the other. Group a may be over a, and b over 6, as 
in Fig. 35; or o may lie over 6, and b over a, as in Fig. 36. These 
positions can bo represented by the fonnulie 


a— C— 6 

II and 

(? — 


o— C— 6 
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the two crotonic acids being 

CHs— C— II 11— C— CII 3 

li and II , 

H— C— COOH II— C— COOH 

Trans Cia 

and fumaric and maleic acids having the formulae 

COOH— C— H H— C— COOH 

I. II and II. II 

lI-(^-CX10H H— (^— COOH 

Trans Cis 

It is necessary now to identify the fonnula of fumaric acid an<l that 
of maleic acid. 

Maleic acid yields an anhydride, while fumaric acid docs not. In 
formula II the carboxyl-groups are in juxtaposition, l)ut in formula I 
they arc removed from each other so far as possible. Only in the acid 
with the cis-formula are the car]>oxyl- groups represented in a position 
to interact readily: 

II— C— C:00|H H— C— CO 

II I ' II >0. 

II— C— colon If- C— CO 

Muleic acid Maleic anhydride 

Hence /amar/c acid is inferred to have the constitution indicated in formula 
I, and maleic acid that corresponding with formula II. Another example 
in support of this explanation is mentioned in 194. 

171. Maleic acid can be converted into fumaric aci<l by keeping it 
for some time at a temperature above its melting-point; l>y bringing it 
into contact with hydrogen halides at the ordinary temperature; by 
exposing its concentrated solution in prcsemie of a trace of bromine to 
the action of sunlight, a slow reaction in absence of light; by contact of 
ethyl maleate with a small proportion of iodine; or by other means. 
The facility of all these decompositions indicates maleic acid to Iwi 
the imstablc fonn, and fumaric acid the stable modification. Inversely, 
fumaric acid is converted by distillation into maleic anhydride. Fumaric 
acid is transformed also into maleic acid by the action of ultraviolet light, 
as is maleic acid into fmnaric acid. With increasing concemtration of 
the initial solution, the equilibrium attained is displaced towards the 
side of the maleic acid. 

AfSnity-constants of the Unsaturated Acids. 

172. Like the monobasic unsaturated acids (135), the dibasic unsat- 
urated acids have greater affinity-constants than the corresponding 
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saturated acids. For succinic acid, 10"*^:== 0*665, and for fumaric acid, 
10'^' = 9■3. The strength of acctylenedicarboxylic acid, 

(TOII-Crf-COOH, 

obtained by tlie interac^tion of alcoholic potash and dibroinosuccinic acid, 

(X)()H*(:HBr~ (^Hlir-COOH, 

is eciual approximately to that of sulphuric acid, the presence of a double 
bond, and even more of a triple bond, intensifying the acidic character. 
For malcac acid 1{)^A;= 117, or about twelve times as much as for fumaric 
acid. This discrej:)an(y indicates the great influence exerted on the 
str(‘ngth of tluvse acids by the distance between the carboxyl-groups in 
the molecule. 

Tlu^ ionization of dibasic acids is a step-by-step process. An acid H2A 
yields first II’ -f- HA', and on further dilution IIA' is ionized to II’+A". 
In tliis dissociation remarkable* ditT('r(inc(^s have been observed. For 
some acids the second stage of ionization does not begin until the first is 
almost complete, but for other acids its inception corresponds approxi- 
mately with the end of the initial half of the first stage. The degree of 
ionization depends on the rc'lative position of the carboxyl-groups in the 
molecule. The nearer these groups are to each other, the more extended 
is the first stage and th(^ smaller the second stage of ionization, and mce~ 
versa. 

This phenomenon is explained readily by assuming the negative charge 
of th(‘ anion to be concentrated on the hydroxyl-oxygen of the ionized 
carboxyl-group. During the •ionization of the first hydrogen atom, the 
]jres<'n(!e of one carboxyl -group promotes the ionization of the other. This 
influence is greatest with close i)roxiinity of the carboxyl-groups. Other 
negative groups produce a similar effect (178 and 183). After completion 
of the ionization of tlie first hydrogen atom, the HA'-residue is decomposed 
with difficulty into II’ and A" on account of the attraction exerted by the 
iiegath'e charge of this residue on any jiositivcly-charged hydrogen ion 
liberat(‘d, this attraction being greatest when the negative charge is close 
to the hydrogen atom of the HA'-residue. On the assumption of this 
charge being situated on the hydroxyl-oxygen of the first carboxyl-group, 
its attraction is gniab'st for close proximity of the two carboxyl-groups in 
the lion-ionized acid. If the h3^drogen atom of the first carbox^'l-group 
and the negatively-charged hj^droxyl-ox^’^gen of the HA'-residue be further 
apart, the second stage of the ionization meets with less resistance and 
therefore is facilitated. 

Dibasic Acids with more than one Triple Bond. 

173* VON Baeyer has prepared from acetylenedicarboxylic acid 
dibasic acids containing more than one triple bond in the molecule. Heat- 
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ing with water converts its potassium hydrogen salt into potassium propiol- 
ate (139), with elimination of carbon dioxide: 

KOOC-CsC. I CO* I H = CO,+KOOC- C=CII. 

The copper derivative of this salt, KOOC'C^Ccu,* reacts with potassium 
ferricyanidc in alkaline solution to ft>rm cupric oxide, the two acid-residues 
uniting simultaneously with production of the potassium salt of diacelykne- 
dicnrboxylic add, 

KOOC • C^C- C=C . COOK. 

The potassium hydrogen salt of this acid also lostw carbon dioxide readily, 
and the copper derivative of the monobasic acid formed is converted by 
similar oxidation into cupric oxide and the i)otassium salt of tetra-acetylene~ 
dicarhoxylic add: 


2KOOC . C^C . teCcu * KOOC • C=C • C=C • C^ • C^ • COOK. 

The.se (!omjH)unds are very unstable, being decom)X)sed by the action of 
light and otherwise. 


m. HIGHER POLYBASIC ACIDS. 

174. Except as cstoi*8, acids with three carboxyl-grou]^ in union 
with one carbon atom are unknown. The triethyl e.ster of methanetri- 
carboxylic ocid is obtained by the action of ethyl chlorocarbonate (263) 
on diethyl monosodiomalonate: 


C2I laOOC ( '1+ Na (( JOOC2I r.r,)2 (::2H{iOOf 3 . CTI(COOC2Hs)2. 


Kthyl fhlorocjirboiuvtft 


Saponification of this ester is attended by elimination of carbon 
dioxide, malonic acid being formed instead of the corresponding tribasic 
acid. This phenomenon affords another instance of the tendency for 
several negative groups not to remain in union with one carbon atom, two 
being the maximum number for carlwxyl (149 and 177). 

A description of the synt-heses of a few of the polybasic acids will 
exemplify the methods adopted for the preparation of compounds of 
this class. 

A type of the tribasic adds is propaneA: 2 : ^-tricarboxylic add, or 
tricarballyiic acid, obtainable by several methods. 

1. From 1: 2: 3-tribromopropane by means of potassium cyanide, 
and hydrolysis of the tricyanopropane formed : 


CH2— CH— CH2 CH2— CH— CH2 CH2 CH CH2 

Br Br Br CN CN CN COOH COOH COOH‘ 


* cu = iCu. 
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2. From diethyl disodiomalonate and ethyl monochloroacetatc; 


(( ^21 f 50 ()C) 2 C Na2+2( )! CH 2 • COOC2Hr. = 


_(: 2 fI:.OOC. p . 
“(yir,()0(> 


CI! 2 -(: 00 (: 2 Hr, 

CIl 2 -(’ 0 ()C 2 H« 


+2NaCI. 


Saponification of this ester yields an acid convertible by heat into 
tricarballylic acid, carbon dioxide being eliminated: 

c^ii2-('0()H crio-cooii 
->cH.co()n. 
cn2*cooii cri2-(WH 


A synthesis peculiar to the polybasic acids consists in the addition 
of ethyl monosodiomalonate to the estc^rs of unsjiturated aciiis such as 
fumaric acid: 


Na(Ml-(X)OC^2H5 

Na (^H-tXlOCallr. | 

I +11 = (’H-CXXX^aHr, . 

II(:((.:00(:2ll5)2 (XI-CXKX’zlIr, I 

CH(CO(X;:nr ,)2 


Saponification and subsecpient elimination of carbon dioxide yield tri- 
carballylic acid. It melts at 100 °, and dissolves readily in wat(!r. 

Propene-l: 2: ^-tricarboxylic OT aconitic acid melts at 191°, and is a 
type of the umaturated tribadc acids. It is obtained from citric acid 
( 197 ) through iximoval of \vat(‘r by heating. The constitution of aconitic 
acid is 

CH=C: CII2 

COOH COOH COOH, 

for reduction conviirts it into propane-1: 2: 3-tricarboxylic acid. 



SUBSTITUTED ACIDS. 


I. HALOGEN-SUBSTITUTED ACIDS. 

175. The halogen-siibstituted acids can be obtained by the direct 
action of chlorine or bromine on the saturated fatty acids, but this 
process is not very satisfactory. The best method of preparing the 
monochloro-acids and monobromo-acids is the action of chlorine or 
bromine on the acid chloride or bromide. 

In this reaction it is sufficient to add a small proportion of the acid halide 
to the acid, the method for the technical profluction of monochloroacetic 
acid. The iionnal course of the reaction is indicated by schemes I and II: 

I. R-CHi-COBr+Brj -»R-CHBr-C()Hr+HBr. 

The brominated acid bromide then reacts with the acid : 

II. R-CIIBr-COBr+R-CILrCOOII ->R-CHBr.COOH+R-CH,-COBr. 

In the second stage the unbrominaUid acid bromide is regenerated, and 
becomes available for further bromination. 

The formation in this reaction of 1-substituted acids only is explicable 
on the assumption of a primary transformation of the acid bromide into an 
isomeride: 

R-CIIs-COBr -» R.CII:C 

Br 

Addition of bromine to this coini)ound yields a substance of the formula 

/OH 

R-CHBr-CVBr , 

\Br 

convertible by the elimination of one molecule of hydrogen bromide into 
an acid bromide brominated at carbon atom 1. 

Halogen-substituted acids can be prepared also by addition of 
hydrogen halide or halogen to the unsaturated acids, or by the action of 
phosphorus halid(;s on the hydroxy-acids. Sometimes the iodo-acids 
can be obtained advantageously from the corresponding chloro-deriva- 
tives by heating them with potassium iodide. 

176. The introduction of halogen into the molecule causes a marked 
increase in the strength of an acid, as will be seen from the table below 
of dissociation-constants, lO^A;. This table indicates the strength of an 
acid to be increased to a greater extent by chlorine than by bromine, 

195 
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and by bromine than by iodine, and a marked increase to be occasioned 
by the introduction of more than one chlorine atom. The position of 
th(; halogtm atom also exerts an influence, the value of the constant for 
iodoacetic acid with the iodine atom in the 1-position being thirty-two 
times as great as for acetic acid, but for 2-iodopropionic acid only seven 
times as great as for propionic acid. 


Name. 

Formula. 


Aeotie acid 

CH,.CO,H 

CIbCl-COiH 

CHsBr-COjH 

CHJ-CO,!! 

cnci,-co,H 

CCb-COjH 

CH,-CH,-CH,-C02H 

CH,.CH,-CirCl-CO,H 

Clla-CIICl-CHs-COdl 

CH2C1-CH,-CH2-C0,H 

0-18 

15-5 

13.8 

7-5 

514 

12100 

0-152 

13-9 

0-89 

0-3 (ca.) 

Monochloroacctic a(!i(l 

Monobromoacetic acid 

Monoiodoacetic acid 

J )iclih)roacoiic acid 

^rrichIoroa(;ctic aiud 

Butyric acid 

1- Chloroirntyric acid 

2- ChIorobiityri(? acid 

3-Clil()robutyric acid 



The influence of the carboxyl-groups on the halogtm atoms is such 
as to cause the properties of the monohalogen-substituted acids to depend 
chiefly on the relative positions of the halogen atom and the carboxyl-group. 

On boiling with alkalis, the 1 -halogcn-substitutcd acids are con- 
verted readily into the 1-hydroxy-acids by exchange of halogen for 
hydroxyl: 

CllaCl. COOH+2KOH = KCl-f-CHaOH • COOK-f H 2 O. 

Alunochluroucetin arid I’otasBiuni gly collate 

A similar process eliminates hydrogen halide from the 2-halogcn- 
substituted acids, with formation of unsaturated acids: 

CII 3 • CHCl • CH 2 • COOH = CH;, . CH : CH . COOH-j-HCl. 

2>Chlor()butyric acid Crotonic acid 

The behaviour of the 2 -halogen-sul)stituted acids with sodium car- 
bonate is very characteristic. Warming with its aqueous solution removes 
hydrogen lialidc and carbon dioxide simultaneously from the molecule, 
with formation of an unsaturated hydrocarbon: 


/CH, 

CH,CH-CH|CO, 




Na 


Br 


= CH,- CH: CH. CH,-l-NaBr+CO,. 

2-Butcnc 


On boiling with water or with an alkali-metal carbonate, the 
3-halogen-substituted acids lose hydrogen halide readily, forming 
lactones (180, 185, 186): 
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CHs • CH • CH2 • CH2 • CO CHa • CH • CHo • CH2 • CO 

> I I • 

I o 


Br 


H -O 


Valerolactuno 


Chloroacetic Acids. 

177. Monochloroacetic add, CIIjCl-COOII, is obtained by the action 
of chlorine on acetic acid in presence of a small j)roportion of ac(?tic anhyd- 
ride or acetyl chloride as catalyst (i7S)- A mode of prei)aration also em- 
ployed technically involves the action of water on trichlorocth(me with 
sulphuric acid as catalyst: 

CHCl:CCl2+2H20 = CIl2CbC00H+2HCl. 

It is a crystalline solid melting; at (i3° and boiling at DichloroaceAic 

add, CllCb'COOII, a liquid boiling at 191°, and also trichloroacetic add, 
CCl3*C()Ofl, a solid m(‘lting at 57° and boiling at 105°, are jirepared con- 
veniently from chloral (201). Trichloroacetic acid is unstable, boiling with 
water decomposing it into carbon dioxide and chloroform : 

ecu- |co]lI = CClJI+C02. 

This reaction is another example of the molecailar instability induced by 
“ loading a carbon atom with negiitive (dements and groups. 

A synthesis of ac(^tic acid of historical imj>ortanco was (effected by Kolbk 
in the y(?ar 1845. Trichloroacetic acid is an in t(^rmediat(' produ(!t, and is 
converted into acetic acid by rciduction with sodium-amalgam and water. 
The initial stage in the synthesis of trichloroacetic acid is th(5 union at high 
temperature of carbon and sulphur to carbon disulphide, CS2. This sub- 
stance is transformed by chlorine into tetrachloromethanc, CCI 4 , con- 
vertible into tetrachloroethene, C 2 CI 4 , by passing its vapour through a red- 
hot tube. In contiict with water tetrachloroethene reacts with chlorine 
under the influence of sunlight to form trichloroacetic acid : 

CCUlCCU+CU-^CCh-CCh; +3H20->CCl3-C(0H)3; -noO->CCh-COOH. 

Acids with more than one Halogen Atom in the Molecule. 

178. Isomerism in this type of compounds can bo occasioned by a 
difference in position of the halogen atoms in the molecule. Addition 
of halogen to an unsaturated acid produces a compound with the halo- 
gen atoms attached to adjoining carbon atoms. 

The elimination of hydrogen halide from acids of this class affords a 
striking example of the value of stereochemistry in explaining phenomena 
inexplicable by the ordinary constituticmal formula?. Among them is the fact 
that in the series of unsaturated acids each molecule of the dibromide of 
one modification loses two molecules of hydrogen bromide very readily, 
yielding an acid with a triple bond, while the dibromide of the other modi- 
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fication cither docs not react thus, or only with difficulty. An example of 
this CiifTercnce is afforded by crucic and brassidic acids, substances proved 
by the method indicated in 140 to have the constitution 

C«H,7-CH:CII-CnIl2.-COOIL 



When heated with alcoholic potash between lo0° and 170®, dibromoerucic 
a(^id, obtained by addition of bromine to enn^ic acid, loses readily from 
each molecaile two im»lecules of hydrogen bromide, yielding behenolic acid, 
C 8 Hi 7 *C=C*CiiIl 22 'COOH; whereas one molecule of hydrogen bromide 




Fia. 38. — Dibromobrucio Acid. Fio. 39. — Dibromoerucic Acid. 

Each hydrogen atom in corresponding 
position with a bromine atom. 

is eliminated from each molecule of dibromobrassidic acid, with produc- 
tion of a monobromoerucic acid. This difference is (expressed by assigning 
the ^rnns-formula to erueic acid and the c/A'-formula to brassidic acid, as 
indicated in Fig. 37 to 42. 
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In the formula for dibromocrucic acid, the tctrahedra can bo rotated 
to bring each bromine atom above a hydrogen atom, making possible the 



Fi<3. -10.' -BuAssinic Acid. 


elimination of two inoh'cuh's of hydrogen bromide (Figs. r3S and 39); in 
that for dibromobrassidic acid, only one bromine atom an<! one hydrogen 
atom (Jan be brought into the cornjsfMjndiiig |>ositions (Figs. 41 and 42). 



Only one liydrogen atom in (‘orn*s]>on(liiig 
position with a l>roniine atom. 

II. MONOBASIC HYDROXY-ACIDS. 

179. The hydroxy-acids are substances with one or more h^^droxyl- 
groups and carboxyl-groups in the molecule. The general methods for 
their formation depend on the introduction of hydroxyl-groups and 
carboxyl-groups, l^hey are product'd in the following reactions. 

1, By the careful oxidation of polyhydric alcohols: 

CH3 • CHOH • CH2OII CH3 • CHOH • COOH. 

Propane-l :2-diol Lactic acid 
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2. By replacement of the halogen in halogen-substituted acids by 
hydroxyl, as described in 150. 

3. By reduction of tht; aldchydic acids and ketonic acids, each type 
having both a carboxyl-group and a carbonyl-group: 

C^Ha • CO • CO()H-|-2H = Clh • CHOH • COOH. 

I’yruvic acid Lactic acid 

4. By th(? action of nitrous acid on acids with an amino-group in 
the alkyl-residu(i: 


NTI 2 • C:H2 • COOII+HNO 2 = CH 2 OH ■ COOH+Ng+ILO. 

Olyciiic (jrlycollic acid 


5. By addition of hydrogen cyanide to aldehydes or ketones, and 
hydrolysis of th<j carbonitrile obtained (loi, 3), a method yielding only 
1-hydroxy-acids : 

C„H2„f 1 • CHO+HCN = C„H2„+i . 

Ald<‘hydc 


/IT 

\OH 


Cyanohydrin 


■ i.C^-COOH-l-NHa. 

\OH 

Cyanohydrin l-Ilydroxy-acid 

By exchange of bromine for hydroxyl, acids brominated by the method 
described in 175 yield hydn)xy-acids identical with those obtained by 
this cyanohydrin-synlhesis, proving the bromine in these acids to be in 
union with the 1-carbon atom. 

6. O.xidation with potassium permanganate eflF(!cts the direct replace- 
ment of hydrogen by hydroxyl in acids with a hydrogtm atom linked to a 
tertiary carbon atom : 

CH. COOH+0 = > C(OH) . COOH. 

»oButvric acid l-Hydroxyt^obutyric acid 


a.H2 „+ 1 • -CN-f-2H20 = C„Il2n . 

\OH 


Properties. 

180. Substitution in the hydroxyl-group of the hydroxy-acids yields 
compounds different from those obtained by substitution in the carboxyl- 
group. Replacem(*nt of the hydrogen atom of the hydroxyl-group by 
alkyl produces a ■primary ether: 


CH 2 OH. COOH CHgOCaHs- COOH. 

Olycollic acid EthylKlycollic acid 
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Like an ordinary ether, CnH2n^-l♦0•CmH2m+l, ethylglycollic acid can- 
not be saponified. I’he corresponding exchange of the hydrogen atom 
of the carboxyl-group for alkyl produces an ester: 

CH2OH . COOH CH2OK . COOC2Hr.. 

Ethyl Rlyoollato 

Like other esters, these compounds can be saponified. 

The introduction of hydroxyl strengthens the fatty acids to au 
extent dependent on its position relative to the carboxyl-group, an 
effect analogous to that produced by the halogens (176). This char- 
acteristic is indicated by the table of the values for several acids of the 
dissociation-constant 10"*^. 


Name, 1 

Formula. 

10^*. 

Acetic acid 

CH,CO()H 

0-180 

(Jlvcollic acid (Hydroxyacotic; acid) 

CHiOII-CDOH 

1-52 

Propionic acid 

CHa-CIIa-COON 

0- 134 

Lactic acid (l-ITydroxypropionic acid). . . . 

CH,,-CII()H-C()()1I 

1-38 

2-Hydroxypropioni(: acid 

CHi()lI-CIl2-C0011 

0-311 


Heating eliminates water readily from the l-hydroxy-adds, and 
removes two molecules simultaneously from two mokicuk^s of acid, 
the reaction being between the hydroxyl-group of one molecule and the 
carboxyl-group of the other. Lactic acid yields Iodide'. 

CH3 • CH fOH “H 1 OOC CH:, . (".H - OOC 

I — J, I =2H20-1- I I 

COO [H H(^ CH . CH, COO — CH • CH,. 

Lactide 

This formula of this compound indicates it to be a double ester, its con- 
stitution being proved by its behaviour with boiling water or dilute 
acids; like the esters, it is saponified, yielding lactic acid. 

2~Hydroxy-acids give up water readily, with formation of unsatu- 
rated acids; 

CH3CHCHCOOH 

= H2O+CH;, • CH : CH . COOH 

Crotonic acid 

2-Hydroxy butyric acid 

When a 2-hydroxy-acid is boiled with excess of ten per cent, solution of 
sodium hydroxide, it is converted partly into a A'-unsaturated acid, and 
partly into a A*-unsaturated acid. A portion remains unchanged, and an 
eqiiilibrium is attained: 



R-CH:CH-CH,*COOH ?:iR-CTI,‘CHOH-CH*-COOH 5=i 
R.CH,-CH:CH-COOH. 
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For a roversible reaction the name equilibrium should be reached by starting 
from the hydroxy-acid, or from either of the two unsatiirated acids, and 
Fittig proved this transformation to conform with the rule. 


'^-Hydroxy-acids and 4-hydroxy-acids lose water, with formation of 
inner anhydrides tenned lactones (176, 185, 186): 


CH2rH2-CH2-CO 

_L_ ^1 

on HjO 


CH2-CH2-CH2-CO 

= H20-|- 


o 


3-Hydroxybutyric ucid 


.S-Biityrolactrmc 


Glycollic Acid, C2H40:i. 

181. Glycollic acid is present in unripe grapes. Usually it is prepared 
by the intcT'action of inonochloroaceiic acid and potassium hydroxide: 

COOH-CH^Ic i-bK | OH =C(>Otf- CII,OH-t-KCl. 

Glycollic acid is a crystalline solid meeting at 80 °. It is soluble in 
water, alcohol, and ether very readily; and the calcium salt dissolves in 
water with difficulty. Distillation of glycollic acid in vacuo eliminates 
w'ater, and forms ghjcollide: 

CII3O In HO I CO CH.O-CO 

1 -‘.,1 -2U.O+] I . 

COO [H Iioj CII, CO . O • cils 

(ilycollido 


Hydroxyproltionic Acids, C^lluOa. 

182. Two hydroxypr op ionic acids differing in the position occupied 
by the hydroxyl-group am known, 1-hydroxyjrropionic acid, 

CH.vCHOH.COOH, 

and 2-hydroxypropionic acid, CH2OH • CH2 • COOH. The first is ordinary 
lactic acid. 

1-IIydroxypropionic acid can be obtained synthetically by the 
methods described in 179, although usually it is prepared by other 
means. In prestmee of the organized ferment termed the “ I.iactic-acid 
bacillus,” sugars such as lactose, sucrose, and dextrose undergo “ Lactic 
fermentation,” ninety-five per cent, of the product being lactic acid. 
These bacilli are present in material such as decaying cheese, and can- 
not live in a solution of lactic acid of more than a certain concentration, 
fermentation being made possible by addition of chalk to neutralize the 
lactic acid formed. Lactic acid can be prepared also by heating dextrose 
or invert-sugar with sodium hydroxide. 
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Lactic acid derives its name from its presence in sour milk, as a 
result of the fermentation of the lactose present. The faint acidic 
odour posst^ssed by sour milk is not due to lactic acid, but to traces of 
volatile fatty acids simultaneously formed, lactic acid being odourless. 
Lactic acid is pmsent also in other fermented substances, such as pickled 
cabbage; and in large proportion in ensilage, a cattle-food prepared by 
submitting piles of grass or clover to pressure. 

Lactic acid is purifiec' by distilling the aqueous acid at very low 
pressures (1 mm.), being obtained as a crysUillino solid melting at 18°. 
The commercial product is a colourless viscid liquid of strongly acidic 
taste, and contains water. Pleating und(‘r ordinary pressure with the 
object of removing water causes partial conversion into different anhyd- 
rides (i8o) e.ven before dehydration is complete, as can be detected by 
the diminution of the acid-equivalent indicated by titration. 


Lactates. — ^I’he jmtassium and Kodiiiin salts are very soluble in water, 
solutions of 45 p<‘r cent, strength having the consistt'nco of glycerol, and 
often being employofl a.s a .substitute for it. Zinc lactab; forms well- 
develoiKHl cr3^tals with thnu; molecules of wat(*r. A characteristic, com- 
plex sodium ferri(^ hwitate soluble with diffic.ulty in cold water has the 
composition I'\5(CjH40a)jNa,2H20, and .separate's in small, almost colour- 
less leaflets on evaporation of a .solution of .sodium lactate and ferric chloride. 

The constitution of lactic acid is inferred from its formation from 
acetaldehyde by the cyanohydrin-synthesis (179, 5), and by the oxida- 
tion of propylciuiglycol. I^actic acid heated alone or with dilute 
sulphuric acid yields acetaldehyde and formic acid: 


CIl3-CIIQ|H- COOH 


CHs-Cq+II. COOIL 


This decomposition may be regarded as a reversal of the cyanohydrin- 
synthesis, and is characteristic of many 1-hydroxy-acids. 

II 

Lactic acid, CII3 • C • COOII, contains one asymmetric carbon atom. 
OH 


In accordance with the principles laid down in 48, it ought to exist in 
three isomeric modifications, and all are known. Ordinary lactic acid 
obtained by synthesis is racemic, consisting of the dextro-acid and 
Iffivo-acid in equal proportion, and therefore being optically inactive. 
Dextrolactic acid and Isevolactic acid can be obtained from the inactive 
modification by methods described in 195. The dextrorotatory variety 
is a constituent of meat-juices, and therefore sometimes is called 
'*sarcolactic acid.” 
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183 . The synthetic lactic acid is inactive, and hitherto optically 
active proclucts have not been prepared from inactive substances by 
wholly chemical means. Since the inactive modification consists of 
equal parts of dextrorotatory and Isevorotatory substance, both must 
bo formed in the synthesis in equal proportion. An explanation of this 
phcnoiiMuion is affordcil by a consideration of the following examples. 

The nitrilr of lactic acid is obtained by the addition of hydrogen 
cyanide to acetaldehyde ( 179 , 5), the structural formula of this aldehyde 
being represented in Fig. 43: 




on 


Fi(5. 43. 

Acbtai.dehyde. 


Fig. 44. 
Lactonithile. 


or 



LACrrONITBILE. 


The addition of hydrogen cyanide («in take place in two ways, the 
oxygen doubly united with the central carbon atom of the figure becom- 
ing severed cither from the bond c or from d. In the first type the 
cyano-group becomes attached to c (Fig. 44), and a hydroxyl-group is 
formed at d; and in the second type this arrangement is reversed 
(Fig. 45). The configurations obtained are mirror-images, cannot be 
made to coincide, and represent asymmetric carbon atoms. 

The possibility of the formation of both active components is 
evident, and the inevitability of their production in equal proportion is 
made clear by a considiiration of the probability of their formation. It 
is alike for both, d and c occupying similar positions with respect to a and 
6 , and there being no tendency for the oxygen to remain attached to the 
one more than to the other. 

In this example an asymmetric carbon atom has resulted from an 
addiYioa-rcaction. An example of the formation by substitution of a 
compound containing such an atom is that of l-bromopropionic acid, 

Br C^II* cH CH 

from propionic acid, ^>C!< 0 qqjj. By replace- 
ment of He and Hd respectively, two acids of opposite rotation are 
produced, the probability of the formation of one being equal to that 
of the formation of the other. 

Compounds containing an asymmetric carbon atom can be produced 
also through the elimination of a group, as in the formation of methyl- 
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ethylacetic add, niethylothylmalonic acid, 

c 

Qjj OOOH 

Q^j|g>C<QQOH> by loss of carbon dioxide. Tlic probability of rup- 
^ d 

tvire at c is equal to that of its occurrence at d, an inactive mixture 
being formed. 

184. Vigorous hcatin. , of optically active lactic acids and of other 
optically active substances converts each into the corresponding opti- 
cally inactive form, containing ecpial proportions of the dextro-modifica- 
tion and th(5 laivo-mo<iification, the process involving the conversion 
of one-half of the optically active substance into its optical isomcride. 

Sometimes optic-al inactivity is attained without the aid of heat. With 
the dextrf)rotatory i-sobutyl broinoj)ropionate, CIIs'CHBr^COOC^H*, and 
with other compounds having a bromine atom in union with an asym- 
metric carbon atom, Walj)en notetl the development of optical inactivity as 
a result of maintenance for (hre<‘ or four years at the ordinary temperature. 
Under sucih conditions, th<* velocity of transformation of these compounds 
is measurable*, but for most substan(;es it is too small to bo appreciable 
after the lap.se of even long la'riods, and is measurable only at elevated 
tcniiMjratures, which accelerate most reactions. 

Lactones. 

185. The 3-hy^droxy-acids lose water very r<*adily, with formation of 
lactones (176 and 180). Thi.s tendency with some .3-hydroxy-acids is 
so marked as to cau.s(* liberation from their s;ilts, followed instantly by 
elimination of one moI(*cuI(* of water and the formation of a lactone. 
This phenomenon is anotln'r example of the r(*ady generation of ring- 
comix)unds with four carbon atoms (167). Many 3-hydroxy-acids are 
unknown in the fret; state, and exist only in the form of esters, salts, or 
amides. 'Hie lactones are sbible towards an aqueous solution of sodium 
carbonatti, but are converted by the hytlroxidos of the alkali-metals into 
salts of 3-hydroxy-acids, a reaction proving their constitution. They 
can l>e regarded as the inner esters of thti hydn)xy-acid.s. 

The lactones can be prt'pared by several methods, exernplifiod by 
the ready conversion into lactones of aculs containing a double bond at 
the 2-i)osition or 3-position (A- acids or A’ acids) by warming with 
dilute sulphuric acid. This formation of lactones can be considered to 
involve an addition of the carboxyl-group at the double bond: 

R. CH : CH . CHa- CO R • CH • CHa • CHa- CO 

H-d) I — (!) 
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Unsaturated A*-acid8 can be obtained by several methods, one being 
the action of aldehydes on sodium succinate in presence of acetic anhydride: 

ch,.c5*+h.c.cooh ch,.c?hc-cooii 

/ “ \ 

H,C.COOH fOiriH,C-COO[ir|. 

Aldehyde Succinic acid 

Elimination of one molecule of water produces a lactonic acid, 

CIIa-CH-CH-COsH 

1 

CH, 

I 

O — CO 

On dry distillation, this derivative loses carbon dioxide, yielding the unsat- 
urated acid : 

CHa-CH.CH.rCOalH 

I 

CH. ->CH3*CH:CH.CIl2-COOH. 

I 

O — CO 

AnoUicr method for the preparation of lactones is the reduction of 
3-ketonic acids (233, 3). 4-Lactonos and 5-lactonoa also are known. 

186. Boiling with water converts the lactones partly into the cor- 
responding hydroxy-acids, the proportion of acid formed being in a 
measure dependent on that of the water present. An equilibrium 
between the system acid and lactone-\-water is attained: 

CH2.CH2-CH2-CO 

CHaOH.CHz-CHa'COOH?:^ I | +H2O. 

3-IIydroxybutyrio acid 1— . . Q 

3-Butyrolactouc 

If the molecular concentration per litre of the 3-hydroxybutyric 
acid be A, and if, after the lapse of a time t, x molecules have been con- 
verted into lactone, the velocity of lactone-formation s at that instant is 
given by the equation 

s = lc{A—x), 

k being the reaction-constant. Simultaneously the converse reaction 
also occurs, the acid being regenerated from the lactone and water. 
With the lactone dissolved in a large excess of water, no appreciable 
error is introduced by assuming the quantity of the solvent to be con- 
stant. Under such conditions the velocity s' of this converse reaction 
is represented by the equation 

s' = k'x, 
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V again being the reaction-constant. The total velocity of the lactone- 
formation for each instant is equal to the difference between these veloci- 
ties: 

s—s'=—=k{A—x)—k'x (1) 

For equilibrium, s = s*, and substitution of xi for the value of x at this 
point gives 

kiA-xi)-k’xi=0, or = (2) 

k' A—xi 

Equations 1 and 2 can be solved for k and k'. The same method of 
calculation is applicable to ester-formation from an acid and an alcohol, 
and furnishes a mode of computing the reaction-constant of the ester- 
formation, and that of the ester-decomposition. 

The lactones form addition-products with hydrogen bromide as 
well as with water, yielding 3-bromo-acida, their constitution being 
inferred from their reconversion into the parent substances (176). The 
lactones also give addition-products with ammonia, generating the 
amides of the 3-hydroxy-acida. 

in. DIBASIC HYDROXY-ACIDS. 

187. Tlie simplest dibasic hydroxy-acid is tarlronic acid, 
COOH-CHOH-COOII. 

It can be obtained by the oxidation of glyceric acid, 

CH.OH- CHOH- coon, 

with nitric acid, and is a crystalline solid melting at 187“ with evolution 
of carbon dioxide. The glycollic acid, CITiOII-COOH, formed yields a 
polymeride of glycollide (181) by instant elimination of water. 

A substance of greater importance is malic acid, C4H6O5, present in 
various immature fruits, the most suitable source being unripe mountain- 
ash berries. It is a ciystalline solid melting at 100“, and is soluble 
readily in water and in alcohol. Natural malic acid is optically active. 

It is possible in several ways to prove malic acid to be hydroxy- 
succinic acid, COOH'CIIOH'CHz'COOH. Among them are its 
reduction to succinic acid by heating with hydrogen iodide, its con- 
version into monochlorosuccinic acid by the action of phosphorus 
pentachloride, and so on. Its alcoholic character is indicated by the 
formation of an acetate through the interaction of its diethyl ester and 
acetyl chloride. 
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The conversion under the influence of heat of malic acid into fumaric 
acid and maleic acid has been mentioned (169). In addition to the 
natural laevorotatoiy acid, both a dextrorotatory and an inactive modi- 
fication are known. The inactive form can be resolved by fractional 
crystallization of its cinchonine salt into its two optically active com- 
ponents. As inflicated by its structural formula, malic acid contains 
an asymmetric carbon atom. 


£thane-i :2-diol-i :2-dicarboxylic or Tartaric Acids, C4ll(i06. 

188. Four acids of the composition (/-jHoOs arc known, each with 
the constitutional formula 

( ’OOH • CIIOII • CIIOH • COOH. 

They are termed dextrorotatory tartaric acid, Icevorotatory tartaric acid, 
racemic acid, and niesotartaric acid, the last two being optically inactive. 
Their constitution is proved by their formation by boiling the silver 
salts of the dibromosuccinic acids with water, these acids being obtained 
from fumaric acid or maleic acid by the a(!tion of bromine. It is indi- 
cated also by their production from glyoxal (198) by the cyanohydrin 
synthesis. The inactiv<i modifications are produced by these reactions 

(183). 

In aceordaiKie with their constitutional formula, the tartaric acids 
contain two asymmetric carbou atoms in the molecuk?, and it is neces- 
sary to consider the number of stt'reoisonicrides theoretically possible. 

While a single asymmetric carbon atom there arc? two optical isomc- 
ridos, n and h (I). Addition of a second asymmetric carbon atom, 
either dextrorotatory or lievorotatory, produce's the combinations II 
of the subjoined scheme. Increase in the number of carbon atoms to 
three gives similarly eight isomcirides (III). Obviously for n asym- 
metric carbon atoms the number of possible isoineridcs is 2". 


I ri Zi 



In this scheme all the asymmetric carbon atoms are assumed to be 
dissimilar, and the racemic combinations are left out of consideration. 
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Since tartaric acid contains two similar asymmetric carbon atoms, 
or asymmetric carl)on atoms in union with similar groups, lir 2 and hri 
become identical, leaving so far three isomerides possible. rir 2 and 
hh being able to unite to fonn a racemic compound, the total number of 
possible isomerides is raist'd to four: 

1 2 3 .4 

('H(OH)(COOH) Dextro Dextr<) Ltevo Inactive combination of 
I rir 2 and Ul-z 

CII(OH)(CJOOII) Dextro L®vo Lai-o 

The four tartaric acids, C 4 lI(iO(;, correspond in properties with the four 
isomerides theoretically possible. Dextro tartaric acid and lajvotartaric 
acid must be represented resp(;ctively by 1 and 3, since in th(we schenn's 
each carbon atom rotates the plan<^ of polarization in the same direction, 
and therefore each should reinforce the inlIu<‘nco of the other. The 
optically inactive mcsotartaric acid is r(*prcsenled by 2 . Its two 
asymmetric carbon atoms rotate; the j)lane of polarization equally, but 
in opposite directions, and thus each neutralizes the effect of the other. 
Finally, isomeride 4 is racemic acid. 

An important difference exists betwc>(;n the two optically inactive 
isomerides, racemic acid and mesotartaric acid. The first is obtained 
by mixing equal quantities of the tioxtro-acid and the lajvo-acid, and 
(!an be rcsolve;d into its components. The second consists of one kind 
of molecules only, and cannot be resolved. The rotation caused by the 
dextro-acid is ecjual in amoimt but opppsitc in sign to that due to the 
la;vo-acid. 

189 . Emil Fisciier has introduced a simple mode of writing the 
spacial formulie of optically active compounds, frequently employed in 



Fia. 46. 



Fio. 47. 


the sequel. The representation in space of two carbon atoms in union 
Cabc 

in a compound ] is shown in Fig. 40 ( 167 ). 

Chhe 

If the two bonds uniting the two carlx>n atoms be supposed to lie 
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in the plane of the paper, the positions of a and c are at the back, and 
that of b at the front. If a, b, and c be imagined to be projected upon 
the plane of the paper, and a and c simultaneously to l)e altered in 
position so as to lie in the same straight line at right angles to the verti- 
cal axis, and if & lie in the production of this axis, projection-figure I is 
obtained: 

b a 


a- 


■c 


c 




a- 


■c 




h 


b a 

I. II. 


If Fig. 46 be rotated its vertical axis, so as to bring a in front of the 
plane of the paper. Fig. 47 results, its projection being represented by II. 
These apparently different configurations arc identical. 

For a chain of four carbon atoms there is obtained analogously the 
projection-figure 


This mode of representation will Ixj understood by imagining the figunts 
in 167 (Fig. 31) to be placed so as to bring the plane of the carbon bonds 
at right angles to that of the paper, and the figures in this position to 
be projected in the manner described. 

190. The projection-formula) for the four isomeric tartaric acids are 
obtained by the following procedure. If the projection-figure for two 
asymmetric carbon atoms be divided in the middle of the vertical line, 
and the upper half of the figure rotated through 180® in the plane of the 
paper, the similar grouping of HO, II, and COOH about the asymmetric 
carbon atoms in the halves 


HO- 


-H and HO- 


COOH 


-H 


COOH 
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indicates both carbon atoms to rotate the plane of polarization in the 
same direction. This grouping will be assumed arbitrarily to occasion 
dextrorotation. 

When the two carbon atoms are reunited by transposing one of the 
halves in the plane of the paper, the figure 

COOH 

H OH 

HO II 

COOH 

is obtained, and is therefore the projection-formula for the dextro- 
rotatory acid. 

The grouping with respect to the two carbon atoms in the Ijevo- 
rotatory acid must be the mirror-image of that in the dextrorotatory 
isomcridc (48), in accordance with the scheme 

H OH and H OH. 

COOH COOH 

The combination of these two gives for the lacvorotatoiy acid the pro- 
jection-formula 

COOH 

HO H 

H oh’ 

COOH 

These representations of the constitutions of dextrotartaric acid and 
lajvotartaric acid cannot be made to coincide by altering their positions 
in the plane of the paper,* and are therefore different. 

* These projection-formulse can be made to coincide by rotating one of them 
through 180** about the line HO — H. From a model the impossibility of making 
the apodal formulse coincide by this means can be seen. To determine by means 

of projection-formube the possibility of coincidence for the corresponding spacial 
formal^ it is only admissible to transpose the projections in the plane of the paper. 
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When the acid contains a doxirorotatory carbon atom and a l®vo- 
rotatory carbon atom, as in inosotartaric acid, the urrangoment of the 
groups is 

Dextro Lajvo 

TIO II H on, 

COOH COOIl 

and their projection-formula is 

COOH 

HO H 

HO IT* 

COOH 

The projection-formula for racemic acid is 

Dextro Lervo 

COOH COOH 


H— 

OH 

HO 

-H 



+ 


HO— 

H 

II 

-OH 


COOH • COOH 

It has been jjossible to demonstrate tlie dextrorotatory acid and the 
laevorotatory acid to have the configurations indicated by the projection- 
formulje, and not the converse structun'S, but the jiroof is beyond the scope 
of this book. 

Dextrotartaric Acid. 

191. Potassium hydrogen d-larlrcUe, C4H.-.Oc,K, is present in the juice 
of grapes, and during alcoholic fennentation is deposited on the bottom 

of the casks, being even more sparingly soluble in dilute alcohol than in 
water. The crude product is termed “ Argol," and the purified salt is 
known as “ Cream of tartar." To obtain dextrotartaric acid, argol is 
boiled with hydrochloric acid, and the acid is precipitated with milk of 
lime as calcium tartrate, CaC4H40(i. After washing, the calcium salt is 
decomposed by an equivalent quantity of sulphuric acid, calcium sul- 
phate being precipitated and the tartaric acid liberated. The free acid 
can be obtained by evaporation in the form of large transparent crystals 
without water of crystallization, and having the composition C4lIcOc,. 

Dextrotartaric acid melts at 170 °. It is soluble in water very 
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readily, to a less extent in alcohol, and is insoluble in ether. Heating 
above its melting-point at atmospheric pressure eliminates water and 
yields various anhydrides, their identity depending on the intensity 
and duration of the process. Stronger heating turns it brown, with 
production of a caramel-like odour. A still higher temperature causes 
charring, with formation of pyruvic acid (231) and pyrotartaric acid, 
C00H*CH(CH3)*CH2*'^00H. It can be converted into succinic acid 
by the action of certain bacteria. 

In addition to the potassium hydrogen tartrate may be mentioned 
the normal potassium salt, C4H4OGK2, readily soluble in water, and 
potassium anlimonyl tartrate, 

2 [COOK. CHOU- CHOU* C 00 (Sb 0 )]-|-H 20 . 

On account of its medicinal properties the antimony derivative is known 
as “ Tartar emetic.” It is obtained by boiling potassium hydrogen 
tartrate with antimony oxide and water, and dissolves readily in water. 

The precipitation of hydroxides from metallic salts, exemplified by 
that of cupric hydroxide from cupric sulphate, is prevented (157) by 
the presence of tartaric acid. The liquid obtained by dissolving cupric 
sulphate, tartaric acid, and excess of potassium hydroxide in water is 
termed ‘^Feiiung’s solution.” It is an important means of testing the 
reducing power of compoumls, since nnlucers pmeipitate yellowish-red 
cuprous oxidt! or its hydroxide from the dark-blue solution. In this 
alkaline copper solution the hydro.xyl-groups of the central carbon atoms 
react with the cupric hydroxide, since one gramme-molecule of normal 
alkali tartrate can dissolve one grammh-molecule of cupric hydroxide. 
These cupric alkali tartrate.s have b(*en obtained also in crystalline form, 
the compound C4H20(,Na2Cu,2H20 being known, and having the con- 
stitutional formula 

O-CH-COONa 
Cu<' +2H2O. 

^O.fTI.COONa 

Experiment has proved this compound in aqueous solution to he ionized 

/OCIl-COO' 

to Na* and the complex anion Cu< • . The solution is found to 

N)-CH.C00' 

lack the reactions characteristic of copjx^r ions, and although it is alkaline 
cupric hydroxide is not precipitated. On electrolysis the copper tends 
towards the anode. This phenomenon has been studied by Kuster by 
the aid of the apptaratus shown in Fig. 48. One U-tube contains cupric- 
sulphate solution at 6; the other, Fehling’s solution at d. Into both 
limbs of each is poured carefully a solution of sodium sulphate, a and c. 
The common surfaces of the sodium-sulphate and cupric-sulphate solu- 
tions in the two U-tubes lie in the same horizontal plane. When an electric 
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current is |)asspd tlirouph Uic lubes, preferably arranged in parallel and not 
in series, a different <‘ffeot is priMlueed on the level of the surfaces of the 
copper solutions in each tube. In the cupric-sulphate solution there is a 
rise at the cathode, the cupric ions being cations and tending towards that 
electrode. The converse effect is observetl in the 1*ehlings solution, 
indicating the cf)pj’M‘r in it to lx* a constituent of the anion. The arrows in 
the figure t>hf)w llie tlirection tendency of the ions in each solution. 

The colour of Fehlin(}’s solution is also a much more inten.se blue than 
that of a cuj)ric-sulphate solutitm of eciuivalent concentration, evidence of 
the presence in I-’kiiling’s solution of a comidex ion containing copper. 



Fio. 48. — Er.EeTRoi.ysis of an Alkaline Copper Solution. 


Fehung’s solution deeompo.ses gradually, and it is best to prepare it as 
requir(*d. Ost di.scovored a much more stable alkaline copfior solution, 
applicable to the same pur{X)se.s as that of J''ehlino. It is a mixture of 
cupric sulphate with potassium hydrogen c.arbonate and potassium car- 
bonate, and contains a soluble double carbonate of copper and ]K)tassium. 


Laevotartaiic Acid. 

Lcevotartaric acid is obtained from racemic acid. With two excep- 
tions, the properties of the lajvo-acid and its salts arc identiiial with those 
of the dextro-modificatioii and its salts. First, their rotatory power is 
equal, but opposite in sign; second, the salts formed by the larvo-acid 
with the optically active alkaloids differ in solubility from those derived 
from the dextro-acid (ipS). 


Racemic Acid. 

192. Optically active substances are stated in 184 to be converted 
by the action of heat into optically inactive compounds, being changed 
into a mixture of the dextro-moflification and the Imvo-modification in 
equal proportion. This change is facilitated often by the presence of 
certain substances, dextrotartaric acid being converted readily into 
racemic acid by boiling with excess of a concentrated solution of sodium 
hydroxide. Mcsotartaric acid is formed simultaneously (193). 
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The optical inactivity is occasioned by conversion of one-half of the 
dextro-acid into the Isevo-modification. If formula I represent the dcxtro- 
acid, then formula If will corresjjond with the lajvo-acid; and the formula? 
indicate it to be essential for the exchange of groups causing the conversion 
of an active compound into it-s optical isoracride (184) to occur hi this 
instance at both asymmetric carlxin atoms, to enable the dextro-acid to 
yieid its lajvo-isomcri< : 


COOH 


rr 

< >TT 

n “ ■ 

HO 

i / 1 1 

tr 


11 


COCII 

I. 


coon 



XT 

j ” ■ 

rr 


11 

1 “ Vyli 

1 


COOH 

II. 


Racemic acid is iiof so soluble in wafer as (ho two optically active 
acids; and it diffei’s in crystalline form from them, the crystals having 
the composition 2C4llGt)(i,2H20. In many of ils salts (he proportion of 
water of crystallization differs from that in the corresponding optically 
active salts, liacemic acitl is proved to consist of two components by 
its synthesis from solutions of the dextro-acid and the hevo-acid. With 
concentrated solutions heat is developed by mi.xing, and the less soluble 
racemic acid crystallizes. Racemic acid also can be resolved into the 
two optically active modifications (195). 

Although racemic acid in (he solid state differs from both dextro- 
tartaric acid and hcvotartaric acid, yet in solution or as ester in the state 
of vapour it is only a mixture of them. The cryoscopic depression 
pro<luced by it corrcsi)onds with the molecular formula C^IIoOo, and the 
vapour-density of its ester with single and not double molecules. 

The term “racemic ” is applied to substances consisting of isome- 
rides of equal and opposite rotatory power in e(]uimolecular proportions, 
an<l therefore optically ina(;tive. This phenomenon was obst'rvcd first 
by Pasteur in his researches on racemic acid (195). 


Mesotartaric Acid. 

193. Like racemic acid, medotartaric acid is optically inactive, but 
cannot be resolved into optically active components. It is formed by 
boiling dextrotartaric acid for several hours under a reflux-condensei 
with a large excess of sodium hydro.xide (192). 

If formula I lx? assigned to dextrotartaric acid, ob\ iousl5’^ to conv^ert it 
into mesotartaric acid with formula II, it is necessary only for two groups 
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in union with a. single asyminetric carbon atom to change places, while 
racemic acid can Ixj form<?d only through exchange of the groups attached to 


COOH 


II 

HO- 


-OH 


-II 


coon 

I. 


COOH 


IIO- 

HO- 


-H 

-H 


COOH 

II. 


both carbon atoms. This view affords an explanation of the initial forma- 
tion of inesotartaric acid by h(;ating de.xtrot.artaric acid with dilute hydro- 



Fia. 49 . — Malkic Aero. 


chloric acid, or by boiling it, with dilute sodium hydroxide, racemic acid 
being produced only by prolonged heating. 



Fic3. 50. — Mksotabtabic Acid. Fig. 61. — Mesotabtaric Ach>. 


Potassium hydrogen mesotartraie dissolves readily in cold water, 
differing in this respect from the corresponding salts of the other tar- 
taric acids. 
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X94. This view of the structure of the tartaric acids is in complete 
accord with their relation to fumaric acid and maleic acid (169). Almost 
quantitative yields of racemic acid and rnesotartaric acid can be obtained 
by oxidising fumaric acid and maleic acid in aqueous solution by means of 
{lotassium chlorate in presence of osmium tetroxidc, OsO^, as catalyst, 
two hydroxyl-groups being addtxl. The process converts fumaric acid 
into racemic acid, and maleic acid into rnesotartaric acid. Addition of two 
hydroxyl-groups to rnaicic acid may result from the ruj)ture of the lx)nd 
1:1' or 2:2' in Fig. 49, with jtroduction of tlie configuraticwis represented 
in Figs. 50 and 51. The projection-formula? corresponding with Figs. 50 
and 51 are 

H OH 


Tin 

Pr)('>FT 

wo 



n 


and 


H 


COOH 


II 


COOH 


H 

I. 


OH 

II. 


These apparently different configurations are identical, as becomes evident 
on rearranging I (189) ; 

OH 


COOH 


H 


COOH 


H 

OH 


If the last projection-formula Ik: rotated in the plane of the paper through 
180®, it will coinc-ide with II. A compari.son of this scheme with that in 
193 shows it to be the configuration representing rnesotartaric acid, indi- 
cating addition of two hydroxyl-groups to maleic acid to produce meso- 
tartaric acid only. 

A different result is obtained by addition of two hydroxyl-groups to 
fumaric acid, as is demonstrated by Figs. 52 and 53: 



Fio. 52, — Fumauic Acid. 
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H 


COOH. 


Spvcranco of the ))oncls 1:1' or 2:2' by addition yiolds two configura- 
tions incapalilc of l)oing made to coincide by rotation. 'This fact is made 
clearer In' the projection-formula* 

COOH COOH 


HO- 


IK) — 


— IT 

COOH 


H 

OH 


COOH- 

H- 


-II 

COOH 


on 


HO 

II 


II 

OH 


COOH 

COOH 


H 

HO 


OH 

H 

COOH 


Tlicsc projection-formula* are identical with the configurations rejjresenting 
dextrotartaric acid and hevotartaric acid (190). 

The addition of chlorine to the neutral salts of fumaric acid and maleic 
acid dissolved in a saturated solution of .sodium chloride is ({uite analogous. 
Maleic acid yields l: 2 -<lichloroetkanedicarl}oxylic acid-l:2, the meso-form 
of dichlorosuccinic acid; and fumaric acid gives the racemic form of iso- 
dichlorosncdnic add. 


Racemic Substances, and their Resolution into Optically Active 

Constituents. 

195. Optically active isotnnrides display no difTerence in their physi- 
cal properties or in their chemical properties, except the rotation of the 
plane of polarized light in opposite directions, and certain physiological 
effects not yet explained. Accordingly they have the same solubility, 
boiling-point, and melting-point; their salts crystallize with the same 
number of molecules of water of crystallization; and so on. Hence the 
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rosulutfon of an optically inactive substance into its optically active 
components cannot be effected by the ordinary methods, for they are 
based on differences in physical properties. 

Pasteur devised three methods for effecting this resolution. The 
first process depends on the fact of racemates sometimes crystallizing 
from solution in two forms, one corresponding with the dextro-salt, 
and the other with the Isevo-salt. Thtise pnxlucts can l)e separated 
mechanically. Pastei;r effected this partition for so<lium ammonium 
racemate, C8nsOi2Na2(NI 14)2,21120. Crystals of the dextrotartrate 
and of the la>votartrate are ol)tained from its solution onlj^ at tempera- 
tures below 28 °, the transition-point for these salts (“Inorganic Chem- 
i«+;;, ,” 70) : 


2Na(Nn4)C;,,lI.,0,;, tir20 5=i Csri.sOi2Na2(XH4)2,2Il20+GTl20. 

Di'xtro- -h ln*vo“ Sodium ummomiim rammiti? 

sodium ummomuiii turtratc 



Fl«. 54. (^KYSTAL-FORMS OF TIIK SoDIUM Am.MONIUM TaHTU.VTES. 

Fi^;. i)4 roprosorils the erystnl-foniis of the* two tartrates, the differ- 
eiiee between tliem beinp; diu' to the positions of the plamvs a and 6. 
The crystal-forms are mirror-images, and cannot l)c made to coincide. 

The separation of these two forms is efToctod by careful evaporation nf 
a solution of the sodium ammonium racemate on a water-hath until a 
certain density has Ix'en attained, it being then allowed to cool slowly so 
as to be(;ome supersaturated. A crystal of a dextrorotatory salt and one 
of a hevorotatory salt are jjlnced some distance apart in the liiiuid. On 
the following day each of these nuclei will be found to bo surrounded hy a 
thick mass of crystals having a rotatory power similar in kind to that of 
tlie parent iiuckais. If no crystal is available for the purpose of this 
inoculation, the assistance of an isomeric substance may be requisitioned, 
this process being exemplified by the crystallization of the d-tartrate 
through addition of a crystal of Z-asparagine to the solution, the Z-tartratc 
remaining dissolved. 

This method of separation can be employed very rarely. Tt hai? also 
been applied by Purdie to the resolution of racemic lactic acid, almost 
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instantaneous crj'stalHzation boiii)? iiulucod Iiy the inoeulation oi a sat- 
urated solution of Kiceiuie anuiioniuin zijic lactate 


Zn(C3ll40j)2,NH4C3H40s,2H*0, 

with the correspondhig dextrorotatory or IsBVorotatory salt. 

Pasteur’s second method of resolution depends on a difference in 
solubility of the salts formed by imiting optically active acids with 
optically active bases. On union of a dextro-acid or a Isevo-acid with 
an optically inactive base, as in the metallic salts, the internal structure 
of the molecule remains unchanged; and the constitution of the salt- 
molecules, like that of the free acids, can be represented by mirror- 
image configurations. It is otherwise for the combination of the 
dextro-acid and the Ijevo-aciil with an optically active base, either 
dextrorotatorj' or la>vorotatory, the configurations of the salt-molecxiles 
being mirror-images no longer, and identity of physical properties ceas- 
ing of necessity. 

In this manner racemic acid can be resolved by means of its cin- 
chonine salt, cinchonine laevotartratc Ix’ing less soluble than the dextro- 
tartrate, and crystallizing from solution first. Strychnine can be 
employed advantageously in the resolution of lactic acid, and other 
similar examples might be cited. 

The conversion of enantiornorphic isonierides into derivatives with 
configurations no longer mirror-images of one another can be effected 
otherwise, a mode for acids being the formation of an ester with an 
optically active alcohol. On account of the perfectly symmetrical 
structure of the esters formed, the velocity of ester-formation with an 
optically inactive alcohol must be the same for both isomeridcs; but 
with an optically activx; alcohol the two isonierides are not esterified at 
the same rate, the compouruls produced being no longer mirror-images. 
JMabckwald found that heating racemic mandeUc acid (324) for one 
hour at 155° with the active alcohol menthol (365), leaves the laevorota- 
tory acid unesterified. 

The third method of fission devised by Pasteur depends on the 
action of mould-fungi (Pemctllium glaitcum) or of bacteria. Contact 
of racemic lactic acid in very dilute solution with the Bacillm addi 
loevolaclici, in presence of the necessary nutriment for the bacteria, 
renders the optically inactive solution laevorotatory, only the dextro- 
rotatoiy acid being converted by the bacilli into other substances. A 
dilute solution of racemic acid containing traces of the mould-fungus 
PeniciUium glaucum becomes lasvorotatory, the fungus propagating 
through decomposition of the dextrorotatory acid. 
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Tho second and Hurd niclluxls of resolution are alike in principle. 
During tlu'ir growth the bacteria and fungi develop substances termed 
enzymes (222), and able to decompose compounds by means hitherto 
unexplained. These enzymes are optically active, and obviously a 
difference in their action on the optical isomerides analogous to that 
described in the previous paragraph is to be expected. 

A liquid or gaseous racemic substance consists only of a mixture of 
the two enantiomorphic isomerides, an example being afforded by 
racemic acid in solution and in the form of esters (192). For crystal- 
line substances there are three possibilities. 

First, the individual crystals may be dextrorotatory or laevorotatory, 
the two modifications Ix^ing separable mechanically. In this instance 
the racemic substance is said to be a conglomerate of the isomerides. 

Second, the substance may be a true compound of the dextro-modi- 
fication and the la;vo-modification, a racemic compound or racemoid, its 
formation being comparable with that of a double sjilt, formed by the 
crystallization under certain conditions of a solution containing two 
salts. 

The. third possibility also is analogous to the crj'stallization of salt- 
solutions, whereby sometina's crystals containing both salts arc obtained, 
but in projjort ions vaiying in diff(;rent crystals. Sometimes the salts 
crystallize together in all proportions, but usuallj' the ratio can vary 
between certain limits- only. This simultaneous crystallization of salts 
yields the so-called mired crystals, and oj)tical isomerides produce 
pseudorocemfe mixed crystals. 

The variety of crystals obtairaxl from a given solution or fuscnl mass 
of a racemic substanct^-a conglomerate, a racemic compound, or 
j)saidoraceimc mi.xed crystals — d(*pends on tlu‘ temperature of crystal- 
lization and other contlitions. An example of this relationship is 
afforded by sodium ammonium racemate. On concentration above 
28° the racemate crystallizes from the solution of this salt; below this 
temperature a mixture of the individual tartrates or conglomerate is 
obtained. 

Bakiiuis RoozEiiooM indicated a method of distinguishing these 
three classes of compounds. For a conglomerate the procedure is 
simple. An optically inactive solution saturated alike for the dextro- 
rotatory form and for the la?vorotator3' body is made. Adding 
the solid dextro-compound or la;vo-compound and agitating the 
mixture does not effect further solution, tho liquid being satimated 
already with respect to the two isomerides. The amount of dissolved 
substance is still the same, and the solution remains optically inactive. 
In presence of a racemic compound, the solution is saturated initially 
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by it, but unsaturalcd vvi<h resiicct to the two optically activ** moclifi- 
catioiis; addition of the solid dextrorotatory or laworotatory substance 
causes a change in the total quantity of solid dissolveil, and tla? li(juid 
becomes optically active. Sometimes less simple methods an* neces- 
sary to detect pscMdoraceinic mixed crystals. 


Optically Active Compounds with Asymmetric Atoms Other 

than Carbon. 

196. The methods of separation outlined in 195 have made possible 
also the resolution into optical isomeridcs of other compounds of asym- 
metric structure, a result in accord with Pasteur’s principle of the 
"Dissymmdtrie moldculaire ” (48). The presence of an n-valent atom 
of any kind in union with n dissimilar substituents always necessitates 
a structure capable of existence in two configurations, mirror-images of 
each other, but not superirnposable. 

By emplo3dng the highly rotatory d-bromocamphorsulphonic acid 
and its l»vo-isomcride it is possible to resolve into their optical com- 
ponents basic substances of the types indicated. Substitution of 
acetone or some other solvent for water in the fractional crystallization 
of the salts prevents hydrolytic di.ssociation. Optically active com- 
pounds with asymmetric nitrogen, siiljihur, selenium, tin, phosjjhorus, 
and silicon atoms are known, examples being 

C7H7V /C’eHs C: 2 H. 5 v /CTI3 

>N<( , >S< 

C 3 H 5 / I M.'ira CK Vll2*CX)OII 

1 

Celfsv /CTT3 fVIIsv yCIhi (VH.-ix AM 

>(< , >Sn< , >P< 

CK \c0.cyj5 Cniir^ M oK \c;ii 3 


CM C2II5 

HO3S • C6H4 • CH2 • 4 — 0—4 • CII2 • C6H4 • SO3II. 

I I 

C3H7 C3H7 

As a general rule, an asymmetric molecular structure induces optical 
activity, and the fine researches of Webnek on asymmetric metallic 
atoms furnished additional evidence in support of this statement. 
In the complex derivatives of cobalt, chromium, iron, and other 
metals, Werner assumed (“Inorganic Chemistry,” 330) the presence 
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Fig. 57. 


of six atoms or groups in diroct union with tiin melallic atom, 
those groups Ix ing supposed (o cr i? r, 

he situuled al the angles of ^ ^ 

n'gular oetalutlron with this 

iiietallie, atom at its centre. \ 

Two groupings arc po&sible for yA / j \ \ \ . ! \. 

, *A-> ■/—.I ^iB ® I j' 

compounds of the typo Mo 

as indicated in Figs. 55 and 56, V \ j / 
resulting either from “Axial- 
substitution “ (Fig. 55), or jT 

from “Edge-substitution ” 

(Fig. 56). The possibility of j/i\^ 

the existence of two stereo- / 1 \ \. 

isomerides is made evident, _ /y j ! \j\ 
and many examples of this j 

type of isomerism arc known. \. ^\ i / ~y / 

The possibility of the exist- \\ ! / y / / 

cnce in two stcreoisomeric \~ ^ 

forms of comTX)unds Me., is 

Fig. 50. Fio. 58. 

also clear. „ , „ 


A 

Fig. 50. 


A’^ 
Fio. 58, 


Fi(;s. 55, 50, 57, and 58 .— Werner’s Theory 

As a basis for assigning ^tkkeoiso.\ierism. 

to a compound JMeAilb the 

configuration rcprc.scnftHl in Fig. ri.*) or that in Fig. 56, Werner made the 
very iilausible assumption of the union of a bivalent group, such as 
cthylenediamine, carbon dio.xide, or oxalic acid, being possible only through 
edge-snl)stitution. In aecordanpc witli this view, exchange oi the cathon 
dioxide t)r other bivalent group for two univalent groups must produce 
comjxmnds also with the configuration of l-'ig. 56. 

Since both stercoisomcrides have a plane of symmetry, optical activity 
Is impos.siblo for com])ounds McAjlb with imir-aleiit groujis A and B. 
An octaluidral arrangement around the metallic atom of a bivalent group 
and two univalent groups, or of tlmH! bi^’alent groups, makes jiossible the 
c.\i.stenco of two non-.suiK;rimi)osable forms without a plane of sj'inmetry 
(Figs. 57 and 58), and some coiniiounds of this tyixj have been resolved into 
their optical antipodes. Often they are characterized by a very high 
spi'cific rotatory iniwer, that of a complex iron derivative of the tri-o-di- 
pyridyl-ferrous scries being alwut 600“. 


* Ale reiircsents a metallic atom. 
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IV. POLYBASIC HYDROXY-ACIDS. 

197 . Of thoso iicids it will bo .suffioituil to tle.soril)o the Iribasie citric 
add, ('oIIsO-, a substaiuo dLstribuled widely in the voKetablc kingdom, 
and present also in cows’ milk to the oxt(‘nt of 0*1 per cent. It i.s 
prepared from the* juice of unripe lemons, their content being between 
6 and 7 per cent. Tricalcium citrate ilissoivc's readily in cold water, 
but very slight I3' in lK)iling water, a property' emidoj^ed in tlu* s('j)aration 
of the acid from lemon-juice. It is obtained in the free stat<‘ b^' addition 
of sulphuric acid to tht‘ citrate. Another technical method for its 
preparation depends on the pf)wer of cc'rtain mould-fungi (Cilrmnyces 
pfcffei'ianus and C. glaber) to prtxluce (‘onsiderablc quantities of citric 
acid from dextrose or sucrose, it being pos.sibIe to obtain a j-ield up to 
50 per cent. 

Citric acid can be prepared s^'utheticallj' bj' a method proving its 
constitution. On oxidation, .sj-rnmetrical dichlorohydrin, 

CIIoCl-CHOII-CIM 

( 158 ), is transformed into s^nnmetrieal diehloroacetone, 

CHaCl-CO-CHaCl. 

The cyanohydrinHsynthesis converts this derivative into 

/Oil 

CHaCl-C^CTIaCl, 

\CN 


and hydrolysis yields the hydroxy-acid, 


CH2C1* 


/OH 

C^CIIjCl. 

\COOH 


With potassium cyanide this compound forms a dicyanide hydrolyzable 
to citric acid: 


CH2CN CH2-COOH 


C< 


on 

COOH 


-»C< 


OH 

COOH * 


CH2CN CIIa-COOH 


The alcoholic character of citric acid is indicated by the formation 
of an acetyl-compound from triethyl citrate and acetyl chloride. 

Citric acid forms well-defined crystals containing one molecule of 
vater of crystallization, and dissolves readily in water and alcohol. 
It loses its water of crystallization at 130°, and melts at 153°. It is 
employed in the manufacture of lemonade, and in calico-printing. 



DIALDEHYDES AND DIKETONES: HALOGEN-SUBSTITUTED 
ALDEHYDES AND KETONES. 


Dialdehydes. 


198 . The siinplc'sl inoiuhcr of Iho w'ric'S of dialdchydos, clhamdial 

11\ /II 

or (jlyoxal, ^ q’ coiiihination of two aldcliydo-Kroups. It 


is jjropan'd best I>y floafing a laj’or of wator carefully on the surface of 
strong nitric acid contained in a tall glass cylindc'r, and pouring ethyl 
alcohol on the surface of the water, care being taken to prevent mixing 
of the layers. The nitric acid and alcohol dilTusc' into the water; and 
the alcohol is oxidized slowly to glyoxal, glycollic acid, oxalic acid, and 
other substances. 

The interaction of ozone and acetylene also yields glyoxal, it being 
necessary to moderate the violence of the reaction by diluting both 
gases with air. 

Glyoxal is a colourless, amorphous substance, and in the moist 
state it dissolves readily in wafer, but verj' slowly after complete drying 
in vacuo between 110® and 120®. It is a polymoride of unknown molecu- 
lar weight, although its acpieous solution reacts as one containing simple 
molecules only. Distillation of this polymeridc' with phosphoric anhy- 
dride evolves an emerald-coloured gjis, condensable by cooling to beau- 
tiful yellow ciystals, and at a lower temi)eratur(‘ becoming colourless. 
They melt at 15®, and the yellow’ licpiid obtained boils at 51®. It is 
unimolecular glyoxal, and can exist as such only for a short time, traces 
of water polymerizing it readily. The unimolecular form is the simplest 
type of coloured compound, containing only carbon, hydrogen, and 
o.xygen. 

The combination of glyoxal with two molecules of sodium h 3 ’drogen 
sulphite, and the formation of a dioxiine, prove it to be a double alde- 
hyde. It has also the other proix'rfics peculiar to ahlehj’dcs, such as 
the reduction of an ammoniacal silver solution with formation of a 
mirror. On oxidation, it takes up two atoms of oxygen to yield oxaiie 

225 



226 


SUBSTITUTED ALDEHYDES AND KETONES 


[§ HH) 


acid, being the dialdehydo of that acid. Potassium hydroxide converts 
glyoxal into glycollic acid in acconlance with CJannizzauo’s reaction 
(io8). This change may lie explained by assuming and addition- 
product with water to be formed in accordance with the scheme 

= CnToOH • COOH. 

O O (Ilyrollu- tifiil 

H II 

Bxitatie-l: A-dial or snecindialdehijde, qC'CH 2 *CITi»-C'’q, was pre- 
pared by Harries by the action of ozone on a chloroform-solution of 
diallyl, 


( Ho : ( I r • ( 'Ho— Cl lo .(’11: CTI2. 


A diozonide addition-produet, 


CHo .011. CH 2 — Clla • CH • CH 2 


\/ 

t)3 



is formed, each double bond imiting with one molecule of ozone. This 
diozonide is a viscous explosive liquid. Slow heating with water 
decomposes it, forming succindialdehyde. 

PIahries prepared several analogous ozonides, each double bond 
always uniting wnth one molecule of ozone. Water decomposes these 
ozonides in accordance with the scheme 


> C—C < -I-H 2 O = > CO-f OC < -I-H 2 O 2 


O3 


The formation of those ozonides and their decomposition by water 
afford an excellent method for determining the position in the molecule 
of double bonds. Its application to the problem of oleic acid has con- 
firmed the formula indicated in 137 . 


Diones or Diketones. 

Z99. The diketones contain two carbonyl-groups, their proper- 
ties and the methods employed in their preparation depending on 
the relative position of these groups. 1: 2-Diketones with the group 

—CO -CO— are known, l:3-dikctones with — (JO-CHa-CO— , 

1 : 4-diketones with — CO.CH 2 *CH 2 *CO — , and so on. 

1 ’.2-Diketones cannot be obtained by the elimination of chlorine 
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from tho acid cliloridos by <hn aid of a motal, in arcordanco wilh the 


.scliomo 

li • C X ) [ ( 1 d-Na2+ 0( . 


Their preparation is effoefed ))y the action of amyl nitrite and a small 
proportion of hy<lrochloric aci<l on a keloiu', one of the methylenc- 
groiips being c<mv<*rted into C=N01I: 


RCO-C 


ih 

(> 


IV 


Non 


R-CO-C-R' 

II . 

NOII 


Th('se compounds are termed inonitrosokctones. Roiling with dilute 
sulphuric; acid eliminates the* oxime-group as h^'droxylamino, with 
formation of the diketone. The kctoaldehydes are both ketones and 


aldc’hydes, 


containing the group — CO* 



, and they also can be 


obtained by this method. 

Iiiitan€-2:3-diotie or diacetyl, CH;{*CO*CO*CH;j, can be prepared 
from methylethylketono in the manner indicated. It is a yellow liquid 
<»f pungent, sweetish odour, is soluble in water, and has a vapour similar 
in colour to that of chlorine. Diacetyl boils at 88°, and at 20° has the 
density 0*973. Its behaviour indicates the presence of two carbonyl- 
groups in the molecule, exemplified by the addition of two molecules of 
hydrogen cyanide, the formation of a mono-oxime and a dioxime, and 
so on. The adjacency of the two carbonyl-groups in diacetyl is proved 
by its quantitative conversion into acetic acid under the influence of 
hydrogen peroxide: 

CHa * CO— I ( * CHs 2 CH 3 * CO * OH. 

+ OH, OH 


200 . l:3-Diketonc\s can be prepared by a condensation-method of 
general apijlication discovered by (Jlaisisn un<l WisnicK.vus. So<iium 
elhoxidc is the condensing agent. An addition-product is formed by 
the interaction of this substance and an ester: 


R*C 


aO 


^OCalls 


Na 

'^6c2H5 


/ONa 

=R*C^0(%H5. 

MK’oIIs 


Tlie addition-product is brought into contact with a ketone R'*CO*CH 3 , 
two molecules of alcohol being eliminated with formation of a conden- 
sation-product ; 


^ONa 


^ OOsHr+H 


/ONa 

CH*CO*R' = R*C<' -I- 2 C 2 H 6 OH. 

^CII*CO*W 
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Dilute acid replaces the sodium atom of this compound by hj drogen. 
This operation might prodiu^e a derivative with a hydroxyl-group 
attached to a doubly-linked carbon atom; but usually substances of 

OH 

• 

this type are unstable, the group — C=CH — changing to —CO — CH2 — . 

OH 

The principle applies in the present instance, yielding 

a l:3-diketonc, R*CO — CII2 — CO•R^ 

Claiskn found sodamide, Na*NH2, to be a useful substitute for 
sodium cthoxide in the condensation of ketones with esters. Fre- 
quently it not only facilitates the reaction but increases the jdcld. 

Another method for tlie proparatiojj of IriJ-rliketones is the action of 
acid ciilorides on tlie sodium com])ounds of acietylene homologues: 

CH3- (ClI.) 4 ♦ C^C I Na + ( M j PC ♦ CH;. CII,- (CH2)4-C=C-CO.Cll3. 

Sodion-amylacetyicnc* Afetyl chloride 

Concentrated sulphuric acid transforms tliis ketone by addition of the ele- 
ments of water into the desired diketone; 

CHa • (CH2) 4 • C=C . CO . CII3 = CIL • (CH 2) 4 • CO • CH2 • CO . CH3. 

+ O II2 

Those diketonos have a weak acidic charact('r, their dissociation- 
constants bcin^5 very small. Amon^ij those determined is that of pentane- 
2:4-dione or oretylacetonc, They contain two 

hydrogen atoms replaceable by mentals. Tlu'se atoms must belong to the 
methyleno-group between two negative carbonyl-groups, since diketones 
of the fonnula 11 'CO - (-4/A:.*)2-CO-ll cannot yield metallic derivatives. 

Aceiylacftnne is obtained by the condensation of ethyl acetate and 
acetone. It is a colourless liquid of agreeable odour, boils at b‘l7°, and at 
15° has the density 0*979. Jioiling with wat('r deconqxises it into acetone 
and acetic acid, a reaction affording another example of the instability of 
compounds containing a carbon atom loaded with negative groups. 

Among the salts of acetylacetone are the cop] >er salt, (C^sH 702)2011, 
sparingly soluble in w^ater; and the volatile aluminium salt, (Cf.H702)3Al. 
By a determination of the vapour-density of this compound, Combes 
proved the aluminium atom to be tervalent. 

Those metallic compounds have properties differing from those of 
ordinary salts. Unlike true salts, they are soluble in benzene, chloroform, 
and other organic solvents. Their aqueous solutions are almost non- 
conductors of electricity. They cither do not answer the ordinary tests 

* Aik, — methyl or its homologues. 
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for the metals, or else react very slowly. The ferric and aluminium salts 
are of very weak basicity and acidity, and do not undergo hydrolytic dis- 
sociation but diffuse unchanged through parchmont-pai)cr. In these 
respects they resemble mercuric cyanide (“Inorganic Chemistry," 283), a 
substance practically not ionized in aqueous solution, and therefore lacking 
all the properties cliaractcristic of ordinary salts. 

A type of the I’.^rdiketones is hexane- 2 : &-dione or acd.(mylacetone, 
CHs • CO . CH2 . CH2 • CO . CHa, 

prepared as described in 233, 4 . It is a colourless liquid of agreeable 
odour, boils at 193 °, and at 21° has the dt*nsity 0 - 970 . Acotonylacetone 
and other 1 : 4 -diketones yield cyclic compounds, considered in 392-396. 


Halogen-substituted Aldehydes. 

/H 

201. Chloral or trichlon)acetal<lehydo, CCl.-s-C^^, is of great thera- 
peutic importance, since with one molecule of water it forms a crystal- 
line compound termed chloral hydrate, and employed as a soporific. 
Chloral is pn.*pan)d technically by saturating ethanol with chlorine. 
The alcohol must be as free from wat<u’ as possible, and the chlorine 
dried carefully. At first tlu^ react ion-mi.xtuiv is cooled artificially, but 
after a few days the process becomes h'ss ent*rgetic, and the lemperatuni 
is raised slowly to 60 °, and finally to 100°. 

The initial product of the action of chlorine on ethanol Is ethyl 
hypochlorite: 

CHa • CHo • OH - 1 -C 12 = CH.j • CHo - OCl+HCl. 


This compound (juickly loses hydrogen chloride to form ethanal, and it 
changes to chloroethanal: 

Cn., - CH2 • OCl = CH.i - CHO -HHCl ; 

CHa- CllO-hClu = CH 2 C 1 - CHO+HCl. 


A substance of the fonnula CH2C1 -CH<q^^ jj_ is produced by the 

union of ethanol and chloroethanal, and is th<'n attacked by hydrogen 
chloride and ethanol to form dichloroether by reaction I and chloroarelal 
by reaction II : 

I. CH2CI. CH < 3 ^^jj^-j-HCl = CH2C1. CHCl- OC2H5+H2O; 

II. CH2CI. CH <^J[^jj^+C2H50H=CH2CI. CH(0C2H5)2+H20. 

Chlorine converts dichloroether into triehloroether, CHCla- CHCl - OC2H.r,, 
the same compound being formed from chloroacetal by hydrogen chlo- 
ride and chlorine: 
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CH2CI. CH(OC2H5)2+HCl+Cl2 = 

= CHCI2 • CIICl. OC2H5+C2H6OH +HCI. 

The water produced in the process transforms the trichloroeth(ir into 
dicfdoroacetaldehyde akoholate: 

CHCI2 • CHCl (OC2H5) + H2O = CHCI2 • CH < 0C2H6 

At a higher temperature this alcoholate undergoes slow chlorination 
to (Moral alcoholate: 

CHCI2 . CH < + CI2 = CCI3 • CH < +HC1. 

This substance is the final product of chlorination, and chloral is obtained 
from it by the action of concentrated sulphuric acid. 

Chloral is an oily liquid of penetrating odour, boils at 97®, and at 
20° has the density 1-512. Water converts it with evolution of heat 
into the well-crystallized chloral hydrate, melting at 57°. To this com- 
pound is assigned the formula CC13 -CH<qjj, as it does not possess all 

the aIdehytle-rc>actions. This lack is e.xemplified by its inability to 
restore the rt'd tint of a solution of magenta (373) decolorized by sul- 
phurous acid (107, 3), and marks chloral hydrate as one of the few 
compounds containing two hydro-\yl-groups in union with a single 
carbon atom (127, 149, 204, 230, 234). 

In other respects chloral behaves as an aldehyde, reducing an 
ammoniacal silver solution with formation of a mirror, combining with 
sodium hydrogen sulphite, and undergoing oxidation by nitric acid to 
trichloroacetic acid. Solutions of the alkalis decompose it at the ordi- 
naiy temp)erature with production of chloroform and fonnic acid: 


CCla- 
+ H; 


^0 = CCl3lI+IIC^J^ 

HO ^ 


On account of its purity, chloroform prepared in this manner is 
preferred for anaesthetization. 

In dilute solutions of about ccntinormal strength, and at low tempera- 
ture, this reaction has a measurable velocity. Experiment has proved it 
to be unimolecular, and not bimolecular as indicated by the equation. 
This phenomenon is explicable by assuming preliminary combination of 

OH 

the base and chloral hydrate to form a salt of the type CC1 «*CH<qj^, 

Buhsequently decomposed into chloroform and formate. The electric 
conductivity of a mixture of solutions of chloral hydrate and a base also 
indicates a union of the molecules. 



aldehydo-alcohols and keto-alcohols or 

CARBOHYDRATES. 


202. The sugars, starch, and cellulose occupy a prominent place 
among natural products. As most of them have the composition 
Cn(H20)ni, they are termed carbohydrates, a name indicating the pres- 
ence of carbon in union with the elements of water. They are also 
entitled gluddes. 

The carbohydrates arc classified in two main groups. One of these 
groups comprises those not transformable into simpler substances, yet 
possessing all the carbohydrate characteristics. Its members are 
termed oses. The second group includes carbohydrate .‘5 convertible 
by hydrolysis into oses only, or into oses and compounds of varied 
nature. The individuals of this cla.ss are named osides, the first type 
being entitled hohsides, and the st'cond heterosides. This classification 


corresponds with the scheme 


Glucidc 


< \ 

Osido.s< 


Jlolosides 

“Heterosides 


The oses are also termed monosaccharides or monoses, and the hole- 
sides polysaccharides or polyoses. 


Nomenclature and General Properties of the Monoses and their 

Derivatives. 

When the monoses are aldehydes they are designated aldoses, and 
when ketones, ketoses. The number of carbon atoms in the n\«\ecu\e \a 
indicat(*d by their name's, such as pentose, hexose, heptose, etc. To dis- 
tinguish bet.ween aldo.ses and ketoses the' prefixes “ aldo- ” and “ keto-’’ 
are employed ; as aldohexo.se, ketohexo.se, and so on. 

Polyoses capable e>f being n'gardeei as ele'rived from two monose 
molecules by the elimination of one molecule of water are termed dioses, 
those fonned from two molecules of hexose being named hexodioses. 
The polyoses derived frt)m three monose molecules by the elimination 
of two molecules of water arc called trioses, as hexotriose, etc. 

The aldoses arc converted by oxidation into monobasic acids con- 
taining the same numlx'r of carbon atoms, the pentoses yielding the 
monobasic pentonic acids, the hexoses the hexonic acids, and so on. 
The oxidation can be carried further to yield a dibasic acid containing 
the same number of carbon atoms as the parent aldose. Oxidation 
converts the ketoses into acids with a smaller number of carbon atoms. 
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On reduction, the aldoses and ketoses take up two hydrogen atoms, 
with formation of the corresponding alcohols, hexosc 3rielding a hexa~ 
kydric alcohol, and pentose a pentahydric alcohol (204 and 207). 

203. Four reactions characteristic of all monoses are known: 

1. Under the influence (»f heat they reduce an ammoniacal silver 
solution, forming a metallic mirror. 

2. When warmed with alkalis, they give a yellow coloration turning 
brown, and ultimately resinify. 

3. On heating an alkaline copper solution (Fehling or Ost, iqx) 
with a solution of a monose, the j’cllow-rcd suboxide of copper is formed 
by reducti*)!!. 

Thommer’s t(!st involves dissolving the monose in a solutii n of sodium 

hydroxide, and adding a f('W drop.s of a .solution of cupric sulphate. 

Heating precipitates cuprous oxide from the blue licpiid obtained. 

4. When a monos(' is heat<‘d with (>.\ccss of phenylhydrazinc, 
C(iH.TNH'NIT_>, in dilute sulphurous-acid solution, a yellow compound 
crystallizing in fine needles is produced. Substances of this type arc 
insoluble in water, and are termed oaazones. Their formation admits 
of the following explanation. 

In some reactions the behaviour of the sugars accords with the 
presence of the group — CHOU — CO — . The action of phcnylhydra- 
zine (310) on a carbonyl-group has been explained already (103), water 
being eliminated an<l a hydrazon(j formed; 


C , O -bH. ! N . NIICoTU. = C ! ; N . NHCoH.r.+IIaO. 


A second molecule of phenylhydrazine then reacts with the group 
— CHOH — , expelling two hydrogen atoms, the molecule of phenyl- 
hydrazine being decomposed inbj ammonia and aniline (297): 

CoH .5 . NH . NH2 = C,iH.r, . NH2+NH3. 

Phc'nylhyilraziiio Aniline 

+ H II 


The elimination of two hydrogen atoms from the group — CHOH — 
converts it into a carbonyl-grouj), — (X) — , and with it a third mole- 
cule of phenylhydrazine reacts to form a hydrazone, the group 


CUOH C=N-NHCcH.5 

I being converted into | 

CO C=N.NHCoHo 


This group is character- 


istic of the osazones. 
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In this reaction the best solvent for the phenylhydrazine is aqueous 
sulphurous acid, atmospheric oxidation of the base being retarded greatly 
by the presence of this acid. The procedure is to heat a niixturu of the 
reagent and an aqueous solution of the sugar on a water-bath, tin; osazone 
being precipitated in a very pure condition. 

The osazones dissolve in water with difficulty, a property of service 
in the separation of the nionoses. These sugars are v(*ry soluble in 
water, ciystallizo with great difficulty especially in pres{*nc(> of salts, 
and often cannot be purified by crystallization, liy means of the 
sparingly soluble osazones they can be s(‘[)araf(‘<l, the osazones being 
oh aiof I readily in the pure state by crystallization from a dilub; solu- 
tion of pyridine (387). A determination of the melting-point of the 
osazone obtained from it furnishes a method of identifying a monose. 

Constitution of the Monoses. 

204. As is demonstrated in the seipiel, th(' eon.stitution of all the 
monoses ftdlows from that of the ahlohexos<*s, who.se structure is derived 
from the following ctmsiderutions: 

1. The akloh(*xoses have the molecular formula 

2 . Almost all the known lu'xoses contain a normal chain of six car- 
bon atoms, since they can be reducetl to a hexitol converted by further 
reduction with hydrogen iodirle at a high temperature into 3 -iodohe.\ane, 
CH3 • CH2 • cm • CHo • CTI2 • ( ' I la. 

The constitution of (his iodide is inferred from its conversion into an 
alcohol transformed by oxidation into CH^’CllyCO'ClLj’CHs'Cn,, since 
further o.xidation of this product yields «-butyric acid and ac<'tic acid. 

3 . In prowmee of hydrochk)ric acid as a catalyst, hoxoscs combine 
with boiling methyl alcohol and otJier alcohols, the reaction being 
attended by the elimination of water. As in many nispects the products 
are analogous to the natural glucosidcs or hcterosidcs (206), they are 
termed glucosides. 

The formation of nidhylglueoside is typical, and can be represtmted 
by the equation 

C,.Hi20r.+CH.,OH = Cr.Hi 1 Of, • CHa -MI 2 O. 

One hydrogen atom of the hexose becomes replaced by a meth3d-group. 
Since hydrolysis eliminates this group readily, its union in the he.xose 
must bo through oxygen, indicating the presence in the he.xose of at 
least one hydro.xyl-grtiup. 

The hexoscs contain four additional hydroxyl-groups, as can be 
proved by converting them into penta-acetyl-derivatives through heat- 
ing with acetic anhydride and a small proportion of sodium acetate or 
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of zinc chloride. Methylation of methylglucoside by dry silver oxide 
and methyl iodide substitutes methyl-groups for four additional hydro- 
gen atoms, these groups being removable by hydrolysis, although not so 
readily as the methyl-group of the parent methylglucoside. This 
reaction indicates the hexoso hydroxyl-group concerned in the formation 
of the glucoside to occupy a special position in the molecule. 

As normally an individual carbon atom is not in union with two or 
three hydroxyl-groups, the facts cited find expression in the structural 
formula 

CH2OH. CH- CHOH. CHOH- CHOH- CHOH 

O 


The hydroxyl-group at carbon atom 1 occupies a special position, and the 
formula expresses the mechanism of the formation of methylglucoside. 
In this compound the hydrogen atom of hydroxyl-group 1 of the hexose 
becomes replaced by a methyl-group. This formula accords also with 
the other properties of the hexoses: 

(а) Reduction to the sexa valent alcohol through addition of two 
hydrogen atoms. One of these atoms unites with carbon atom 1 to 
give the group CH2OH; the other becomes attached to the “ether” 
oxygen atom (‘ — O — •), producing a hydro.xyl-group at carbon atom 5. 

(б) Oxidation to a monobasic acid with the same number of carbon 
atoms. In practice this oxidation yields the corresponding lactone 
(185), the two hydrogen atoms at carbon atom 1 being removed. 

(c) Further oxidation to a dibasic acid with the same number of 
carbon atoms, the primary CTr20II-group 6 being capable of under- 
going transformation into a carboxyl-group. 

id) The power possessed by the hexoses of reacting in some respects 
like the aldehydes (203, 1 and 2). Addition to a hexose of one mole- 
cule of water changes the formula to 


CH2OH . CH . CHOH • CHOH • CHOH • CH 
(!)H 



The group CH(OH)2 is known to behave in many reactions as an aide- 
hydo-group, — Cq (20X), and its formation explains the production of 
osazones. 

The lack of an aldehydo-group at carbon atom 1 accords with the 
failure of the hexoses to display all the reactions characteristic of 
aldehydes. They do not combine with sodium hydrogen sulphite, nor 
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polymerize readily, and they arc unable to restore the colour to 
reagent (107, 3). 

— CHOH 

In the sequel the group ^ at 1 will often be termed the 
“Active group.” 

205. The formula giv( i for the hoxoses involves two rather arbi- 
trary assumptions, one as to the ether oxygen atom being attached to 
carbon atoms 1 and 5, and the other respecting the relative distribution 
of the hydroxyl-groups and the carbon atoms. The first assumption 
accords with the structure of most lactones (185), but its accuracy 
admits of more complete demonstration (207). The fact of the exist- 
ence of certain monoses with a different mode of linking for this oxygen 
atom will be considered later. 

The second assumption agrees with the principle (149) of a carbon 
atom usually being unable to unite with more than one hydroxyl- 
group. A more convincing proof of the absence from the monoses of 
two hydroxyl-groups attached to the same carbon atom is afforded by 
the following considerations. 

Reduction of a hexose, CoHiaOe, to a hcxahydric alcohol, CeHwOo, 
involves the addition of two hydrogen atoms only, and this addition 
must occur in the manner indicated, since the carbon chain remains 
unbroken. If the hexose contain two hydroxyl-groups attached to one 
carbon atom, there must be a similar arrangement in the hexahydric 
alcohol derived from it. Compounds containing a carbon atom in 
union with two hydroxyl-groups lose water readily with formation of 
aldehydes or ketones, and they possess most of the properties char- 
acteristic of these substances (201). In contrast, the hexahydric 
alcohols have an exclusively alcoholic character, and do not exhibit 
any of the reactions of aldehydes and ketones. Consequently, neither 
the hexahydric alcohols nor the hexoscs can contain two hydroxyl- 
groups attached to a single carbon atom. 

The possibility of the union of three hydroxyl-groups with one carbon ■ 
atom is excluded also, the production of a compound with such a group- . 
ing always being prevented by the elimination of water to form an acid 

(79): 

— coIh. 

|OH 

The monoses have not any of the properties characteristic of acids;- 
their aqueous solutions do not conduct the electric current, although 
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the dissociation-constant of an acid containing so many hydroxyl- 
groups should b(‘ considerably higher than that of. a saturated fatty 
acid such as acetic acid (i8o). 

Witli culciiini and strontium hydroxides and other bases the carbo- 
liytlrates form compounds tenneti Hacchnratea, atul belonging; to the class of 
alkoxidc.s (50). 

These considerations demonstrate the constitution of the aldohexoses 
to be that indicated, and the same method of proof l)eing applicable to 
each member, all of them must have the same constitutional formula 
and be stereoisomerides. This similarity is due to the presence in the 
molecule of asymmetric carbon atoms, an aldohexose having five such 
atoms indicated by asterisks in the formula 

CH2OII • CH • emOH • CHOH . CHOH - CIIOH 


Methods of Formation of the Monoses. 

206. 1. The monoses are produced from the polyoses by hydrolysis, 
the transformation being attended by the addition of the elements of 
water. They arc formed also by the hydrolysis of heterosides or gluco- 
sides. These substances are natural products, decomposed by enzymes 
or by dilute acids into a carbohydrate, and one or more other compounds 
often of very divergent character. An example is amygdaloside or 
amygdalin (256). 

2. The monoses are derived also from the corresponding alcohols by 
the action of oxidizers such as nitric acid. Arabitol, CaHi20r„ yields 
arabinose, C''5Hio05; xylitol yields xylose; mannitol yields mannose; etc. 

Careful oxidation of glyccjrol witli hydrogen peroxide in prasence of 
ferrous .salts, or with bromine and smliuin carbonate, produces a viscous 
liquid termed glycerose with the four reactions typical of monoses (203). 
Prepared by the first method, it is e.s.sentially glyceraldehydo (I) ; by the 
second method, only dihydroxyacetone (II) is produced. Both com- 
pounds yield the same osazone, glyairosnzone (III), a substance crystal- 
lizing in y'ellow leaflets an<l melting at 131 °: 

CH2OH CH*OH 

I I 

CO C^N-NH.C,H, 

I I 

CH*OH C=N-NH.CJI. 

H 


CHjOII 

I 

CHOH 


in 


I. 


II. 


III. 
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In accordance with the nomenclature indicated, glycerose is a triose. 

When sorbose-bacteria an; cultivated in a solution of glycerol, the 
final product of the action of the atmospheric oxygen is dihydroxyacetone. 
These bacteria can oxidize to ketoses other ])olyhydric alcohols also. 

3. Another method of formation elepends on replacement by hydroxyl 
of the bromine in bromo-derival ives of aldehydes, effected by the action 
of cold baryta-water. 


In this manner the simj)lest member of the sugars, glycdose or ghjcollal- 

II H 

dehyde, CHgOII-C^, is obtained from monobromoaldeh^^de, 

Glycolose displays all the reactions of the iiionoses, crystallizes well, and 
melts about 97° with decomposition. It polymerizes readily, and is vola- 
tile with steam. 

The addition of bromine to acraldehyde ( 141 ) yields 

CHJir.CHBr.cJJ, 


convertible by the action of barium-hydroxide solution into glyceraldeh 3 rde. 

4. Monoses are derived also from formaldehyde by the action 
of lime-water (aldol-condensation). The crude condensaf ion-product, 
tenned formosc, is a sweet viscous substance, and consists of a mixture 
of compounds of the formula C 0 H 12 O 0 . In this reaction six molecules 
of formaldehyde undergo the aldol-condensalion (io6): 

—IT i- IT ; IT r IT I H 

1 II I i I i I i I 

H2C’0 + IICX) + IICO -H IICO -I- HCX) + llt'0 = 

= CH 2 OH . CH . CHOH . CHOH • C'HOH • CHOH. 

I I 


A hexose can be obtained also from glyceraldehyde, two molecules 
of it yielding by the aldol-condensation one molecule of the hexose. 
This hexose is named acrose from its relationship to acraldehyde, a 
substance producing glyceraldehyde by method 3. Acrose is a con- 
stituent of formosc, and displays the optical inactivity characteristic of 
all compounds prepared by purely chemical synthesis. 

5. Monoses can be transformed into other monoses with one carbon 
atom more or less in the molecule by the aid of step-by-step synthetical 
or analytical methods, as indicated in the subjoinetl examples. Monoses 
can form an addition-product with hydrogen cyanide. An aldohexose 
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yields a cyanohydrin convertible by hydrolysis into a monobiisic acid 
containing seven carbon atoms, 

CH20H- CHOH- CHOH. CHOH. CHOH- CHOH- COOH. 

The 4-hydroxyl-group reacts easily with the carboxyl-group to form a 
lactone, 

CH2OHCHOH. CHOH. CH. CHOH. CHOH. CO 


In aqueous solution, these lactones can be reduced by sodium-amalgam 
to the corresponding aldehydes, the aldoses. 

By repeated application of the cj'anohj’drin-syn thesis, and reduction 
of the lactone obtained, it has been possible to prepare dccoses, with ten 
carbon atoms. 

The step-by-step decomposition of monoses can lx; effected by other 
agencies, an example being the conversion of pentoses into tetroses. 
The calcium salts of the pentonic acids, obtained from th(*se pentoses 
by oxidation, can be oxidized further by h3’drogen jx'roxide in presence 
of ferric acetate: 

CH2OH . (CH0H)3 • COOH-fO = CH2OII . (CIIOII). • C'J]-|-C02+H20, 

Pentonic acid Tetrosp 


Another process consists in the application of Hoooewerff and 
VAN Dorp’s method (259) with sodium hypochlorite to the amides formed 
from monobasic acids, such as gluconic acid: 


NaOCl 

CHiOH.fCHOH)4.COXH* > CH,OH.(CHOH)«.NCO 

Gluconamide 

NaOH „ 

> CH,OH.(CHOH)3.c2-|-NaNCO. 

Arabia oee 


Among the natural products of this type the hexoscs and their polyoses 
constitute by far the greatest proportion, the pentoses also occurring 
abundantly as polyoses. Natural heptoscs are very scarce, and the trioses, 
tetroses, and higher monoses can be obtained only synthetically. 
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I. MONOSES. 

Pentoses. 

207. Certain different pentoses have been identified, among them 
arabinose and xylose, both present in many plants as polyoscs termed 
pentosans. 

Arabinose can be prepared by boiling gum-arabic or cherry-gum 
with dilute acids, but the best method is to hydrolyze sliced sugar- 
beet after extraction of the sugar, the resulting mixture of galactose 
and arabinose being freed from galactose by fermentation. A yield of 
eight to twelve per cent, can be produced from the husks of cotton-seed. 

Xylose, or wood-stigar, can be obtained similarly from bran, wood, 
straw, and other substances, especially the shells of apricot-stones. 
Arabinose and xylose can be prepared from any plant-cells converted 
into wood, and displaying the reaction of lignin (228). The racemic 
modification of arabinose is present in the urine of patients suffering 
from the disease known as pentosuria. 

Arabinose forms well-defined cr3'stals, melts at 160®, and has a 
sweet taste. Its osazone melts at 1.57°. Xjdose also crystallizes well, 
and yields an osazone melting at 160°. 

Arabinose and xylose are aldoses and have the same formula, 

CII 2 • CHOH • CHOH • CHOH • CHOH 

I O -I 

This constitution is inclicatcd by their conversion through gentle oxida- 
tion with bromine-water into arabonic acid and xylonic acid respectively. 
Since each of these acids has the formula CH20H-(CH0H)3 *00011, 
they are stcreoisomeric. On stronger oxidation, both arabinose and 
xylose yield trihydroxyglutaric acid, OOOII *(011011)3*00011, its con- 
stitution following from its reduction to glutaric acid. The acid 
obtained from arabinose is optically active, and that from xj'losc is 
inactive, indicating them to be stercoisomerides. 

By methylating xj'lose Hirst and Purves demonstrated the ether 

oxygen atom of that jjcntose to be in union with carbon atoms 1 and 5. 

The product is a tetramethyl-derivative, indicated to have the structure ■ 

CH* • CIIOCH 4 • CHOCH» • CHOCH, • CHOCHa 
O 

by its oxidation to trimethoxyglutaric acid, 

HOOC-CHOCH,-CHOCH,-CHOCH,.COOH. 
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Obviously this acid could not bo obtaiiiwl from a substance with its ether 
oxygen atom in union with other carbon atoms of the chain. 

This method of methylation followed by oxidation is applicable also to 
identifying the position of the ether o.xygen atom in any of the oth(>r 
monoses. The first operation exchanges the free hydroxyl-groujis of the 
sugar molecule for the more stable methoxyl-groups, thereby preventing 
any change in the position of the oxygen-bridge during the subsequent 
oxidation ( 220 ). 

On reduction, arabinose yields arahitol and xylose gives xylitol, 
these pentahydric alcohols being stercoisomeric. Arabinose and xylose 
can be converted into hexoses by the cyanohydrin-synthesis, a proof of 
their lack of a carbon atom in union with more than one hydroxyl- 
group (205), and of their possession of a normal carbon chain; 

CH2 • (CH 0 H )3 • (HOII nw 

I I CII2O11 • (cnoH )3 • CH < 

Pentose 

CH2OH • (riTOH )3 • CHOH . COOH. 

Hexonic acid 

This hcxonic acid yields a lactone convertible by reduction into the 
hexose. Arabinose and xylose contain four asymmetric carbon atoms, 
and are optically active. 

Apiose is considered in 213 . 

The pentoses cannot be fermented. They have one common 
property serving for their recognition and distinction from hexoses. 
Boiling with dilute sulphuric acid, or with hydrochloric acid of densitj' 
1-06, converts the pento.ses and their polyoses into the volatile /ur/uraZ, 
C5H4O2 ( 393 ). With aniline and hydrochloric acid it yields an intense 
red dyestuff. 

The fwesenco of the iwlyose of xylose can bn detected in such a substance 
as straw by distillation with hydrochloric acid of density 1*06. With 
aniline and hydrochloric acifl t.he «listillate gives an intense ro<l coloration, 
and with phenylhydrazine yields a phenylhydrazone very sparingly soluble 
in water. lOach of the.se reactions indicates the presence of furfural. 

Hexoses. 

208. The hexoses are colourless compounds of sweet taste, are diffi- 
cult to crystallize, and incapable of being distilled without decomposi- 
tion. They dissolve readily in water, with difficulty in absolute alcohol, 
and arc insoluble in ether. Since all the aldohcxoses are stereoisomer- 
ides (205), their oxidatidn-products, the monobasic and dibasic acids, 
are stereoisomeiides also. 
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1. Dextrose (d-glucose or grape-sugar), CoIIi 206,1120, is the hexose 
present in much the largest, proportion in fruits of sweet taste, ripe 
grapes containing 20 to 30 per cent. It is found in the urine of diabetic 
patients, and in small proportion in normal urine. It can be obtained 
from many polyoses, the process l)eing exemplified by the hydrolytic 
inversion (2x6) of sucrose to a mixture of dextrose and Isevulose (209) 
termed invert-sugar. The technical preparation of dextrose from starch 
by boiling with dilute acids likewise depends on hydrolysis. 

Dextrose crystallizes from water or alcohol with difficulty. Acetic 
acid is the most suitable solvent, the crystals obtained from it lacking 
water of crystallization, and melting at 14G°. In 43 mention is made 
of the aptitude of dextrose for fermentation, the chief products being 
alcohol and carbon dioxide. Natural dextrose is dextrorotatory: a 
IjEvorotatory and an optically inactive modification have been pre- 
pared artifically. The dextrorotatory', Iscvorotatory, and optically 
inactive isomeridcs are distinguished by the prefixes d {dexter), I {loevus), 
and i {inactive)', thus, d-glucose, /-glucose, f-glucose. 

By convention, nil <jther mouoscs deri^•od from a d-hoxose, /-hexose, or 
i-hexose also are distinguished by ttje, Itdters d, I, or 1, even if iwssessing a 
rotatory' power ojiposite in sign to that indicated by' these letters. Thus, 
la'vulos*^ or ordinary' fuictose can be obtained from dextrose or d-glucose, 
and is la'vorotatory, but also is named d-fructose on account of its genetic 
ndationsliip to d-irliicose. The same method of classification is adopted 
for the hexahydric alcohols, the liexonic acids, and in general for all deriva- 
tives of the hexoses. 

Dextrose is an ald«jso, as is proved by' its oxidation to a hexonic acid, 
d-ghiconic ac.id, ( 'H 2 t)ir'(( "11011)4 '('OOH. Further oxidation pro- 
duces the dibasic d-saccharic acid, COOII- ((.'11011)4 -COO II. 

Saccharic acid gives a characteristic potassium hydrogen sjilt of slight 
solubility, its formation serving as a test for dextro.se. The substance 
suspected of containing dextrose is oxidized with nitric aci<l, any of the 
hexose present becoming transformed into .saccharic acid, and the product 
iMung pn»cipitated as ]K>tns.sium hytlrogen .salt b\' addition of a concen- 
trated solution of potassium ac('tate. 

On reduction, dextrose y'ields a hexahy'dric alcohol, d-sorhitol. It, 
gives also an osazone, d-ghtcosazone, soluble with difficulty in water, 
and crystallizing in yellow needles melting at 205®. 

Solutions of dextrose and many' other sugars furnish examples of a ' 
phenomenon termed mutarolnlion, and discovered by' Dumkunfaut. 
Immediately after solution, such substances have a rotatory' power other 
than that possessed by them after the lapse of a comparatively short 
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interval of time. Initially an aqueous solution of dextrose produces a 
rotation 109*()°, but after some hours it causes a constant rotation 

[aflij = 52*5°. The attainment of a constant rotatory power is hastened 
greatly by boiling the solution, and is effected instantly by addition of a 
small quantity of potassium hydroxide or ammonia. 

The explanation of this phenomenon must be sought in the partial 
conversion of the dextrose or other sugar into another modification of 
different rotatory power. When the rotation has become constant, there 
is o(juilibrium between the two modifications. 

Tanrkt i)repared three different crystalline modifications of dextrose, 
denoted by «, /3, and 7. a-Dextrose is obtained by crystallization at 
ordinary temperature from aqueous solvents or from water. It contains 
one molecule of water of crystallization, and has a specific rotation of 
+ 109*6°. When a concentrated solution of a-dextrose is evaporated at 
110°, the residue dissolved in an equal weight of cold water, 'xnd absolute 
alcohol added to the solution, jS-dextrose crystallizes. In aqueous solution 
it has a specific rotation of +19*8°. When dissolved in water, both these 
modifications arc converted into 7-dextrose, the transformation being slow 
at ordinary temfx'ratures, but rapid when the solution is boiled or a trace 
of alkali is added. The 7-form has a specific rotation of +52*50°. Wlien 
dissolved in water, it instantly causes this rotation, indicating it not to be 
an indej^endent form, but a mixture in equilibrium of the a-rnodification 
and the /3-modification. 

By experiment Tanrkt proved this surmise to be correct. A very 
concentrated solution of the 7-modification was made, and crystallized at 
0°. When a solution of the crystals obtained was prepared at a low temper- 
ature, its rotation was diminished by addition of a small quantity of 
ammonia, proving the crystals to Ijelong to the a-modification. If the 
7-form be a mixture of the a-rnodification and the /8-modification, the 
/8-variety must have remained in solution in the mother-liquor, and addi- 
tion of alkali should increase tlie rotation of this residual solution. Experi- 
ment proved alkali to have this effect. 

The stereoisomerism of a-dextrose and /3-dextrose is due to the asym- 
metric carbon atom 1. The two stereoisomeric forms correspond with 
those of methylglucoside, for with the enzyme maltase oc-methylglucoside 
yields a-dextrose, and with emulsin /8-methylglucoside gives /8-dextrosc. 
Carbon atom 1 is demonstrated to l)c the dominant factor by the oxidation 
of both dextroses to the same gluconic acid. 

The epoxy-oxygen atom in dextrose also is united with carbon atoms 
1 and 5, as in the formula of 205. The proof depends on the methylation 
of dextrose to a tetramethyl-comiK)und convertible by oxidation with 
nitric acid into a trimethox3q)ropanedicarboxylic acid, a reaction possible 
with the 1 : 5-structurc only. This oxidation severs the carbon chain 
between carbon atoms 5 and 6: 
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6 : 5 4 3 2 1 

CH,OCH.-i CH CHOCH,.CHOCH,.CnOCH,-CHOH -» 

■ 1 o 

C00H.(CII0CH3)3*C00H. 


With a small proportion of water, dextrose yields a colourless syrup 
employed in the preparation of liqueurs and of confectionery. 

209. Lawulose {d-fmctose or fruit-sugar) accompanies dextrose in 
most sweet fruits. It is a constituent of invert-sugar (216), and of 
honey, which is chiefly a natural invert-sugar. Hydrolysis of intdin, a 
polyose contained in dahlia-tubers, yields only laevulose, just as that of 
starch gives dextrose. Laevulose crystallizes with difficulty, being 
soluble readily in water, although less readily than dextrose. It is 
fermentable, and at the ordinary temperature it is laevorotatory. 

Laevulose is a type of the ketoses, only a few of them being known. 
CH2 • CHOH • CHOH • CHOH • COH • CH2OH 
Its formula, I I , is inferred 

I O ' 

from the following considerations. First, oxidation with mercuric 
oxide in presence of barium-hydroxide solution, converts it into glycollic 
acid, 

CH20II-C00II, 
and trihydroxyglutaric acid, 

COOH • (CH0H)3 • COOH. 

Since the oxidation is at the C(OH)-group, the production of these 
acids necessitates the adoption of this constitutional formula. Second, 
application of the cyanohydrin-synthesis to a compound of this consti- 
tution would yield a heptonic acid with the formula 


CH2OII • (CH0II)3 • ( XOH) . CH2OH 


COOH 


The heptonic acid obtained from laevulose has this constitution, as is 
proved by heating it at a high temperature with hydrogen iodide, all 
the hydroxyl-groups being replaced by hydrogen and a heptylic acid 
being formed. This acid is identical with the synthetic methyl-n- 
buiylacetic add (233, 2), 


CIl3-(CH2)3-CH.CH3 


COOH 
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The osazone of Isevulose is identical with that of dextrose. A com- 
parison of the formula of dextrose, 


CHoOH . CH • CHOH • CIIOH • CHOH • CHOH 


-- O 


with that of laevulose, 


CHa • CHOH • CIIOH • CHOH • COH • CHaOH 


O 


indicates identity of the two osazones to bt'! contingent on the formation 
of the hydrazone l)eing followed by the union of the 2-carbon atom of 
dextrose, and the 1-carbon atom of laevulose, with the second phenyl- 
hydrazinc-n^sidue. In each instance the reaction is located at a carbon 
atom attached directly to the appropriate characteristic group 1 or 2. 
For this reason the formation of an osazone is assumed always to involve 
the union of two phenylhydrazine-rcsidues with neighbouring carbon 
atoms. d-Glucosazonc, or d-fructosazone, therefore has the constitution 

CHaOII 

(CH0II)3 

C=N-NII-C6H5. 

C=N-NH- Colls 
H 

CH 

Metliylphenylhyclrazine, ^ ,t’>N*NH 8, yields osazones with ketoses 

only, but converts aldoses into colourless hydrazoiies separated readily 
from the intensely 3’^ellow osazones, This.rea#?ent is a valuable aid in the 
detection of ketoses. 

Careful warming of osazones with hydrochloric acid eliminates two 
molecules of phenylh^ydrazinc, wth formation of osones, compounds con- 
taining two carbonyl-groups. In this manner d-phenylglucosazone yields 

d-phenylglucosone, CH 2 OH. (CHOH),. CO- Cq. 

The osones can be reduced by zinc-dust and acetic acid, addition of hydro- 
gen being found always to occur at the terminal carbon atom. d-Glucosone 
,ieldB hevulosc, CH..(CHOH)..COH.CHOT 
1 O 1 

The reaction affords a means of converting aldoses into ketoses: 


Aldose — * Osazone -♦ Osone — > Ketose. 
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Inversely, an aldose can be obtained from a ketosc. lieduction of a ketose 
yields a hexahydric akiohol, converted by oxidation into a monobasic 
Ijcxonic acid. This substainio loses water to form the corresponding 
lactone, a substance reducible to the aldose: 

Ketose -► Hexahydric Alcohol — » Ilexonic Acid — » Lactone — ♦ Aldose. 

210. d-Mannose it an aldose, and is present as a polyose in the 
vegetable-ivory nut. It is obtained also by the careful oxidation of 
the hexahydric alcohol nuinnitol, found in several plants. d-Mannose 
is a hard, amorphous, hygroscopic substance; it can be fermented 
readily, and is very soluble in water. It yields a characteristic hydra- 
zone melting betw<?en 195° and 200°, and differing from the hydrazones 
of f h(i other monoses in dissolving in water with difficulty. Oxidation 
converts d-mannosc first into the monobasic d-rnannonic acid, 

CIlaOH . (CII0H)4 • (JOOII, 

and then into the dibasic d-mannosaccharic acid, 

( ^OOTl . (CH0II)4 • CX)()H. 

It yields (h>xtrose by a method generally api)licablc to the transformation 
of aldoses into their stereoisomerides. For this purpose it is converted 
first into d-mannoni(! acid. In a boiling solution in quinoline (400) 
this substance is transformed partly into the stereoisomeric d-gluconic 
acid, its lactone being reducible to dextrose. Inversely, d-gluconic 
acid is changed partly into d-mannonic acid by boiling its quinoline 
solution, tlexlro.se being convertible into d-mannose by this procedure. 

The stcrooisomorism of d-mannose and dextrose, as well as that of 
d-mannonic acid and d-gluct)nic acid, is occasiont'd only by different 
grouping round the 2-carbon atom, for the osazone of d-mannosc is 
identical with that of dextrose: 

2 H 

( TI A)H • CHOH • CHOri • CHOH • C— C=N • NH • Cells 

il 

N- Nil -Cells 

Identity of these osazones is contingent on that of the residue 

CH2OII • (CI10H)2 • CHOU— 

in d-mannosc and dextrose, and the stereoisomerism of these substances 
can Ikj duo only to a difference in the arrangement of the groups in 
union with the 2-carbon atom. 
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So far as the transformations of the monobasic hexonic acids effected 
by boiling with (juinoline or pyridine have been studied, the alteration 
has been found always to occur as in the instance cited at a single carbon 
atom adjoining the aldehydo-group, the 2-carbon atom. 

d-<}alactose can be obtained by the hydrolysis of lactose, or by the 
oxidation of the hexahydric alcohol dulcitol, a constituent of certain 
plants. d-(JaIactose is crystalline, melting at 168°; it is strongly 
d«!xtrorotatory, is (^apabk^ of undergoing fermentation, and exhibits 
mutarotation. Galactose is proved to be an aldose by its oxidation to 
the monf)basic d-galactonic acid, C(iHi207. Further oxidation yields 
the .sparingly soluble dibasic miicic acid, COOII- (GHOfD^-COOH, its 
fonnation serving to detect d-galactose. This test involves oxidizing 
with nitric acid the hexose under examination. Mucic acid is optically 
inactive, and cannot be resolved into optically active components. 

Their conv(*rsion by hydrochloric acid into Icevudic acid (234) con- 
stitutes a general reaction for the hexoses. Brown amorphous masses 
termed humic suhatances arc produced at the same time. Lsevulic 
acid can be identified by means of its silver salt, a derivative dissolving 
with difficulty and yielding characteristic crystals. 

The identification of the constituents of a mixture of monoscs often 
can be effected readily by the aid of phcnylhydrazinc and its substitu- 
tion-products (310), the tendency of each monose to form a phenyl- 
hydrazonc or osazonc depending on the particular hydrazine-derivative 
employed. From a solution containing arabinose and dextrose unsym- 
metrical methylphenylhj'drazine. Cells •N(CH3)*NH2, dissolved in 
acetic acid precipitates arabinosemethylphenylhydrazone. After filter- 
ing to remove the hydrazono and warming the liquid with an acetic- 
acid solution of phcnylhydrazinc, phenylglucosazonc crystallizes. 

The monose.s can be rcoovesred readily from their phenylhydrazones by 
heating these dorivativ(!s with beiizaldehyde or with formaldehyde, the 
hydrazone of the aldehyde utilized lieing formed. In some instances thiK 
method furnishes a very good means of obtaining monoscs in the pure state. 

Sjmthesis of the Monoses. 

21 1. As mentioned in 206, 4, condensation of formaldehyde or of 
glyceraldehyde yields compounds of the formula C6H12O6. Similar 
derivatives are produced by the condensation of glycollaldehyde. These 
substances are in the form of a S3nup or concentrated aqueous solution. 

A phenylhexosazonc identical with the osazone of inactive glucose, 
fructose, or mannose is obtained from these syrups by the action of 
phenylhydrazino, such synthetic products always being racemic mix- 
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tures. Elimination of two phenylhydrazine-residues yields an osone, 
convertible by reduction into dZ-fructosc (209). Further reduction of 
this monose gives dZ-mannitol, transformed by oxidation into dZ-manncsc 
as primary product, and then into dZ-mannonic acid. Resolution of 
this acid into its optical components yields d-inannonic acid, convertible 
by reduction into d-mannose. This substance can be transformed into 
dextrose (d-glucose) by .he method of 210, and from either monose it is 
possible to obtain Isevulose (d-fructose) by the process described in 209. 
From these hexoses the preparation of pentoses such as d-arabinose and 
Z-xylose ean be effected by oxidation with hydrogen peroxide of the 
calcium salt of the hexonic acid in presence of ferric acetate as catalyst. 
Oxidation of Z-xylosc produces Z-xylonic acid, a substance converted by 
boiling with pyridine into the isomeric lyxonic aciil, this product being 
reducible to d-l^’.xose. Hy ni(‘ans of tlio cyanoh3'drin-synthesis this 
derivative can be transformed into d-galactonic acid, a compound 
reducible to d-galactose. 


Stereochemistry of the Monoses. 


212. As stated in 205, all the aklolawoses and aldopcntoses have the 
same structure, and in con«^<|uence their isonuTisin is stereoisonierisni. 
Although it would be beyond tli<‘ scojm; of this book to derive the configura- 
tion of all the p(intoses and h(*xoscs itaaitioiied therein, it is desirable to 
indicate the normal procedure for such eomi)ounds with several asym- 
metric carbon atoms in the molecuk*. For the sake of clarity the stereo- 
chemical formula' employed in this section reiirescnt the aldeh^'dic struc- 

H 

ture of the monoses, CHj()II*(CH()II)4*C^^, but with the hexose formula 


induced in 205 the method of proof would be similar. 

The presence of two dissimilar asymmetric carbon atoms in a molecule 
is cited in 188 as causing? the existence of a ^:reat('r niiml:>er of storeoisoin- 
erides than that of tw'o similar as\Tnmetric carbon atoms. A projection- 
formula indicates the principle to apply to a greater mmibor of as^mimotric 
carbon atoms in the molecule. The projection-formulie for two aldopen- 
toses, 


HO 

HO 

HO 


CH2OH 

- H II 

-- — II and H 
H H 



CH,OH 

- - OH 

- — OH, 
OH 


cannot be made to coincide by rotation in tlio plane of the paper (190), 
proving the ahlopentosc^s not to bo identical. In contrast, the correspond- 
ing trihydroxyglutaric acids 
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COOH 


COOH 


HO 

IK) 

HO 


1 




H H 

H and H 

II H 


-OH 

-OH 

on 


roOH COOH 


arn identical, their projection-foriniiln' )>einK siiperiniposnble. In these 
coinpoiin<ls the asyinnictric carbon atoms 1 and 3 are similar, whilst in the 
pentoses they are dis«iimilar. 

Assnfniijff the detej-mi/iation tin* eonfifjm’filion trihydrtxxy- 

glutnric ticid to be jjossible, and to lead to tlie projection-formula ffiven, 
the pentose yielding this acid by oxidation must have one <)f the* foregoing 
configurations, all others being exchuled. It remains only to distinguish 
between these two configurations. 

As a prelude to the identification of the stereochemical structure of a 
pentose, that of the coiTespf)Tiding trihydroxyglntaric acid must I ; deter- 
mined. The optical b(*ha\iour of these acids affords a means of ascertain- 
ing their stereocln'inical structure. Xyl«>.se is optically active, and is con- 
verted by oxidation into an optically inactive trihydroxyglntaric acid 
melting at 152°. Sima* in this instance an optically inactive substance is 
obtained from an optically a<*ti\e pnaluct and not from a racaanic com- 
pound, the inactivity must be due to intramolecular <!ompensation, a fact 
to be expressed in the (amfiguration alloded to this particular trihydroxy- 
glutaric acid. The projectuin-fornuila of a compound optically inactive 
on account of intramohicular compensation tnust fulfill this <a)ndition: 
it and its mirror-image must la; cai)able of being made to coincide by rota- 
tion in the platie of tlu* paper; in other words it and its mirror-imag(' nxust 
be identical. Otherwise, the two enantiomorjdious configurations of the 
formula and its inirror-innig<* would be possible, w'hcreas intramolecular 
compensation admits of only one configuration. 

This niasoiiing <!an be api)lied to the determination of the steref)chemical 
structure of arabinose. Eight .stereoisomeric formuUe are possible for a 
pentose, but by arranging them in pairs of mirror-images, and taking one 
of each j)air, four different types are obtained: 


H 

H 

H 


CHi,()H 

OH 

OH 

OH 


C 


H 

O 


I. 


CIIjOH 


H -- 

H 

HO 



DII 

OH 

H 


Cn,OH 


H 

HO 

HO 


C 


H 

O 


III. 


OH 

II 

H 


II 

HO 

H 


CHaOH 

OH 

II . 

OH 



IV. 


The mirror-image of I is repre.sented on p. 247. 

Arabino.s(! is coin'ertetl by oxidation into .an optically active trihydroxy- 
glutaric acid. This fact excludes the trihydroxyglntaric acids obtainable 
from types I and IV, each of them being superimposable on its mirror- 
image, and therefore opticallj' inactive; 
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I. 


H 

H- - 

II 


COOH 

OH 

OH 

OH 


COOII 


identical with its 
inirror-iniaKe, 


COOH 


HO 

TTO 

H 

TT 

HO 

— n. 

H 


COOH 


IV. 


li- 

no 

H- 


COOH 
- OH 
— il 


OH 

COOH 


ideiilical with its 
niirror-iinage, 


HO- 

H- 

HO- 


COOH 
— ^H 
— OH. 


— H 
COOH 


The fact of tlio com ersion of arahinose by tlie aid of the cyanohydrin- 
synthesis into a nii.xture of dextro.se and mannose, transformed by oxida- 
tion into the optically active saccharic acid and mannosaccharic acid, 
enables a choice* bi'tweou type's 11 and HI te> be maele. Since in the 

II H 

cyane)hyelrin-.syn thesis enely llie greaip C^^ in CH011*C^ is altereel, the 

e;e)nfiguniti<jn e)f the re'st of the carlxm jitonis rcinaitiimi unchanged, sac- 
charic acid anel mannosaccharic aciel must have tlic steree)chcmical struc- 
ture 


(’OOH 


H- ' OH 


11 

HO - 
HO 


OH 

H 

H 

COOH 


or 


H 

11 -- 
HO - 
H 


COOH 

OH 

OH 

II 

OH 

COOH 


if arabineese be represenleel by fe)rinula II. As ne*ithe*r of these formulae 
can }>e maele to coinciele with its mirror-image*, formula H is atssumed to 
rcprcseait arabineese. Formula HI is exclude'd, as it would involve the 
stereeichemieial con.stitution 


COOH 


HO 

HO 

H 


Oil 

n 

-- ii 

OH 

COOH 


for one of the aciels mentioneel, the substance being identical with its 
mirror-image*. This fe)rinula we)uhl ele'inand the optical inactivity of one of 
the acids, anel we)uld ne)t accord with the facts. 

Arabinose has therefe)ro a formula e)f the type' II, but it is still uncertain 
whether it shoulel bo represented by the formula given or bj' its mirror- 
image. 

Important aiel in the eletcrmination of ce)nfiguration is furnisheel by the 
building-up anel the breaking-down of the monose molecules. The oxida- 
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tion of orythroso yields iiiesotartaric acid, a fact establishing the grouping 
round the central earbon atoms of this tetrose. Since erythrose is a decom- 
posil ion-product of (/-.arabinose, this reaction affords a partial insight into 
the configuration of that |K>ntose. As alrcaidy indicated, synthesis by the 
cyanohydrin-method enables the grouping in (he hexoses to be inferred 
from the known configuration of the pentoses. 


n. BIOSES. 

213. Most of tho dioses (or biases) known aro derived exclusively 
from hexoses, and therefore have the formula 


Cl2H220n = 2 ( V,Hi206 - H2O. 

Dioses hydrolyzable to a pentose and a hexose are of very rare 
occurrence. Hydrolysis of vicianin, a glucoside present in the seed of 
the vetch {Vida angustifoUa), yields hydrogen cyanide, benzaldehyde, 
and a diose vidanose proved by its hydrolysis to be formed from dextrose 
and Z-arabinose: 


CnH2(,Oio+H20 = Cr.ITi20,-,-f C6ni,,Os 

Viciatiust' I)(*xtroso /-Anibinose 

Apiin, a glucosidc pi'cscnt in parsley, is converted by the action of acids 
into a diose transformed by further hydrolysis into dextrose and apiose, 
a pentose proved by its oxidation to isovaleric acid to have a branched 
carbon chain. 

The hydrolysis can be effected not only by boiling with dilute acids 
but also by the action of enzymes (222). On account of their ready 
decomposition by wa(.or, the nionoscs constituting a diose are not 
assumed to be united through the carbon atoms, but through one or 
more oxygen atoms. 

Maltose. 

214. In the crystallized state maltose has the formula 

Ci2H220n,H20. 

It can be prepared from starch by the action of diastase (43), and is an 
important intermediate product in the industrial production of alcohol. 

Maltose crystallizes in small white needles, and is strongly dextro- 
rotatory. Boiling it with dilute mineral acids yields dextrose only. 
It exhibits all the characteristics of the monoses: thus, it reduces an 
alkaline copper solution; yields an osazonc, maltosazone, 

(C12H22O11 - 2H2O - 2H-f 2C6H6NH . NH2) ; 



§§ 215, 21G] 


SUCROSE 


251 


and it can be oxidized to the monobasic maUohionic acid, C]2H220i2, 
hydrolyzable to dextrose and d-gluconic acid, CH20H* CCHOH) 4 *COOH. 

These properties indicate maltose to contain only one of the two 
active groups present in two molecules of dextrose, for it forms an 
osazone with two molecules instead of four molecules of phenylhydra- 
zine, and yields a monobasic acid instead of a dibasic acid. The process 
of union of the two mo’ cules of dextrose must affect the active group 
of one molecule only. Such a connexion between two luonose molecules 
is termed a monocarbonyl-bond. Denoting it by the sign <, and a free 

active group in a molecule by <’ , maltose can be represented by 

CdHiiO.r, • 

Doxtros« Dextrose 

residue residue 

Lactose. 

215 . Lactose (milk-sugar) is present in milk, and is prepared from it. 

Usually U'hey is employed for this purpose, it being the liquid remaining 
after the cream has been separated and the skimmed milk has been 
employed for making chee.se. In these pr()co.s.ses the milk is deprived of 
most of its fats and proteins, the whey containing nearly all the lactose and 
a large proportion of the mineral constituents of the milk. The lactose is 
obtained by evaporation, and is purified by nicrystallizatitm. 

Lactose crystallizes in well-defined, large, hard crystals. It has not 
such a sweet taste as sucrose, and in the mouth resembles sand on 
account of the hardness of its crystals. 

Hydrolysis transforms lactose into d-galactose and dextrose. It 
reacts as a monose, and can be proved by a method analogous to that 
employed for maltose to contain one free active group in the molecule, 
being therefore a product of the union of dextn)se and d-galactose 
through a monocarbonyl-bond. The free active group belongs to 
the dextrose molecule, lactose being convertible by oxidation with 
bromine-water into lactobionic acid, a substance transformed by hydrol- 
ysis into d-galactosc and d-gluconic acid. Accordingly lactose is 
represented by 

C«Hii 05 <O.C«HuOs<^'’. 

(/>OaIacto8o Dpxtri»8o 

rueidue rosiduc 

Sucrose. 

216 . Sucrose (cane-sugar or saccharose) is present in many plants, 
and is prepared from sugar-beet and sugar-cane. It crystallizes well, 
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and is veiy soluble in water. It melts at 184°, and on cooling solidifies 
to an amorphous vitreous mass, crystallizing after a considerable time. 
Crystallization from methanol yields a metastable modification melting 
at 170°. Strong heating turns it brown, owing to the production of 
caramel. Hydrolysis converts sucrose into dextrose and laevulose in 
equal proportions. I’his mixturc is termed invert-mgar, and is lajvorota- 
tory, for at the ordinary temperatuie laivulose rotates the plane of polar- 
ization more to the left (209) than dextrose rotates it to the right. 
Sucrose is strongly dextrorotatory, the sign of the rotation being reversed 
by hydrolysis. This phenomenon is designated inversion, a term applied 
also to the hydrolysis of otlu'r dioses and of polyoses. Sucrose does not 
show the reactions characteristic of the monoses, for it does not reduce 
an alkaline copper solution, is not turned brown by potassium hydroxide, 
and does not yield an osazone. This lack indicates the absence of free 
active groups from its molecule, both of them being assumed to have 
reacted in the union of the two monoses. Such a linking between two 
monoses is termed a dicarbonyl-bond, and is represented by the sign 
<0>, sucrose having the formula 

C,iHiiOo<0>C,HiiO.,. 

I^irvulo.sr* 

TCHuhw n*aulu(* 

With bases sucrose forms substances termed saccharat-es, that 
obtained from lime having the formula ('i2ll220ji,CaO,2ri20. This 
product is very soluble in water, and boiling its solution precipitates 
the nearly insoluble tricalciura saccharate, C’i2ll220]i,3CaO,3Tl20. 

Manufacture of Sucrose from Sugar-beet. 

217. Sucrose is manufactured from sugar-cane and from sugar-beet, 
being present in solution in the <;ell-juice. Sugar-cane is cultivated in 
British India, in Java, in Cuba, in the south of the United States of 
America, and in other tropical countries. The cane is crushed between 
heavy iron or steel rollers, the e.xpressed juice being worked up for the 
sugar by a proce.ss very similar to that employed with sugar-beet. 

The cell-walls of the sugar-beet are lined with a thin continuous 
layer of protoplasm, constituting a semi-permeable membrane and pre- 
venting the diffusion of the sugar from the cells at the ordinary tempera- 
ture. When placed in water at a temperature between 80° and 90°, 
the protoplasm is killed, coagulates, and develops minute ruptures 
permitting diffusion of the cell-fluid. The process is facilitated by 
cutting the Inset into pieces between two and three millimetres in thick- 
ness. To make the diffusion-process as complete as possible with a 
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minimum amotmt of water, the slices are placed in vats with water 
circulating so as to bring the nearly exhausted material into contact 
with fresh water, that only partly exhausted being immersed in the 
solution already obtained. The elfcct is to maintain contact between 
the material richest in sugar and the strongest extract, and vice versa 
(principle of the counter-current). The solution obtained contains 
between twelve and fifte .1 per cent, of sugar, or about the proportion 
contained in the beet itself. 

Slaked lime is added to this solution, whereby a double object is 
attained. First, the free acids in the juice, such as oxalic acid and 
citric acid, are precipitated along with the phosphates, their removal 
being necessary to prevent inversion on concentrating the solution. 
Second, proteins and colouring matt<‘rs are precipitated from the solu- 
tion. To accomplish those objects, it is necessary to a<ld an excess of 
lime, part going into solution as saccharate. The sjiccharatc is decom- 
posed by a current, of carbon dioxide, care being taken to maintain 
faint alkalinity of the liquid. The precipitate is separated by a filter- 
press, and the filtrate is concentrated. The maximum yield of sugar 
requires concentration at a low temperature, effected by boiling the 
sugar-solution under diminished pressure in vacuum-pans. The first 
product of the concentration is a thick syrup, more strongly alkaline 
than the original solution. C’alcium carbonate is precipitated by the 
repeated action of carbon dioxide until the thick syrup is almost neutral. 
After filtration, the syrup is conccntrat(‘d until crystals of sugar begin 
to separate. It is then allowed to cool, and more crystals mixed with a 
syrupy liquid removable by centrifuging arc obtained. This syrup is 
crystallized further by slow agitation with a stirrer, the crystals being 
separated by means of the centrifuge. The residual syrup or molasses 
is utilized in the preparation of alcohol. 

The sugar produced is not pure, Ixdng brown anti containing a 
proportion of syrup. The crude material is purified by decolorizing its 
solution with animal-charcoal, and concentrating in vacuum-pans. 

Quantitative Estimation of Sucrose. 

2i8. The great practical importance of sucrose makes it desirable to 
have a quick and accurate method t)f estimating it quantitatively. This 
operation is effected almost exclusively by examining its aqticous solu- 
tion with the polariineter (26, 2). Sucrose is strongly dextrorotatory, 
its specific rotatory power Ixiing («)»>— +66- 5°. This expression means 
that, were it possible to prepare a solution conbiining 100 per cent, of 
sucrose, its rotatory power measured in a tube 100 mm. in length 
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would be +66*5®. The rotatory power of a solution of one per cent, 
strength is therefore +0*665°, and it is almost independent of the 
temperature. For practical purposes it can be taken to be proportional 
to the concentration. Obviously this method will yield accurate results 
only in the absence from the solution of other optically active sub- 
stances. If present, such substances must be removed, or their effect 
must be taken into account. The first method is adopted in the 
determination of the amount of sugar in cane and in beet. The sample 
is grated with a fine rasp to destroy the cell-walls, and a weighed 
quantity is diluted to a certain volume with cold water, not only the 
sucrose but also optically active proteins being dissolved. These nitrog- 
enous constituenis and any colouring-matter present are precipitated 
by addition of basic lead acetate, the solution of sucrose filtered, and 
the amount of rotation observed. 

When there is in the solution another sugar along with the sucrose, 
it is necessary to proceed by the second method. Suppose dextrose to 
be the other sugar present. The rotatory p<jwer of the dextrorotatory 
solution is determined first. Inversion of the solution will cause it either 
to diminish in dextrorotation or to become lajvorotatory, since invert- 
sugar is lasvorotatory. The rotatory power of an invert-sugar solution 
obtained from a sucrose solution of given strength being known, these 
two observations furnish the data for calculating the percentage of 
dextrose in the cane-sugar or the beet-sugar. 


Velocity of Inversion of Sucrose. 


219. The equation for unimolecular reactions (95) can be applied to 
the inversion of a dilute solution of sucrose. The original amount of 
the sugar being p, and tht; quantity inverted after a given time being x, 
the velocity s in the fraction of time immediately following can be 


expressed by the equation 




k being a constant. The inversion can be effected by means of different 
acids of the same molecular concentration. The velocity of the reaction 
being dependent on the nature of the acid employed, different values 
are obtained for the velocity-constant k. 

Formerly proportionality was believed to exist between this constant 
and the concentration of the hydrogen ions; and in many instances, such 
as solutions of acid salts, it was (Aistomary to determine this concentration 
by measuring the velocity of inversion. 
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Closer investigation of the inversion of sucrose by means of acids has 
jiroved the process to be much more complex. Proportionality only exists 
when the acids are so dilute as to be ionized completely, under otlier condi- 
tions the ratio of the velocity-constant to the concentration of the hydrogen 
ions being dependent on the acid employed. In an example cited by 
OsTWALD for seminortnal acid-conccntr.itions at 25® the ratio of k to the 
hydrogen-ion concentration for trichloroacetic acid is 1-98, but for acetic 
acid only 1-34. A more n(*arly constant value is obtained by assuming the 
undecornposed acid molecules to take part in the reaction, and introducing 
an aj 3 propriate correction. 

The normal x)rocedure for detc^rmining the velocity of inversion con- 
sists in the i)erif)dic mc'asurerrient of the diminution of the rotation caused 
by the sucrose solution after the lapse i>f mc^asun^d intervals of time, the 
jirocess being tacitly assumed to accord with the simple scheme 

8 ucros(*+ Water — ► Dextrose +La?vuIose. 

It is much more complex, h)r the ^-dextrose lil)erated becomes partly trans- 
formed into /5-d(^xtrose ( 208 ), and most of the fructose produced changes 
to another form. Notwithstanding these facts, it is ))ossible with a 
known concentration of sucrose and acid to obtain reasonably constant 
values for k, a phenomenon attril:)utable to the great rajndity of these con- 
vc^rsions. 

Consideration of all these complexities is beyond the scope of this book, 
and it will suffice to examine tlu; inversion of sucrose by the enzyme inver- 
tase ( 222 ). 

With sucrose solutions of moderates concentration the amount of the 
sugar inverted is at first proportional to the time elapsed, twice as much 



l>cing transformed in 2n minutes as in n minutes. Only after tlie concen- 
tration of tlie sucrose solution has fallen below a certain limit does the 
transformation proceed in accordance with the law of unimolecular reac- 
tions, as with acids. To explain this phenomenon the invertase is assumed 
to unite primarily with only a portion of the sucrose present, the compound 
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formctl being alone siiscojitiiile ot inversion. So long as there is excess of 
sucrose present, this jn'oduct is torined repeat(‘dly so as to maintain its 
concentration constant, and similar quantities of sucrose are inverted in 
like periods of time. A.s .soon as the concentration of the sucrose has fallen 
too low for complete ct>niL)ination with the enzyme, the inversion proceeds 
in accordance with the Jaw cite<i; for the proportion of the compound of 
sucrose and invertas(; no longer remains constant, but diminishes steadily 
until inversion has become complete. 

The curves (Figs. oO and (50) obtained by plotting periods of time as 
abscissa' and the concentrations of the sucrose solution as ordinates give a 
graphic representation of the inversion process. 

Constitution of the Dioses. 

220. Attention has been drawm (204) to the necessity for regarding 
the inonoses as containing a clost'd chain of five carbon atoms and one 
oxygen atom. This grouping must bo considered fundamental in all 
speculation on the constitution of the dioses. Two types of these com- 
pounds have been distinguished: in one the members exhibit reducing 
power and other characteristics of a free active group; in the other these 
properties are lacking. 

Since the linking of th(! nionose residue's must be through oxygen, 
the following typical structural formula for a n'ducing diosc is indicated: 


1 

-- CII - - 0 

(TfoOH 

« 

2 

('HC)TI 

(TI 

5 

3 

0 ('HOH 

— (TI 

4 

4 

(TKJH 

CHOH () 

3 

5 

(jll 

CHOU 

2 

G 

CTTuOn 

I. 

Clldll 

II. 

1 


CVIIo}»io.«io 


In this instance the active group is If, 1. 

In respect of this formula the only arbitrary assumption made is 
the union of the two monose n^siducs I and II through an oxygen-bridge 
from carbon atom 4 of II, the other hydroxyl-groups of II playing no 
part in this connexion. The presence of an active group in the diose 
excludes the possibility of hydroxyl-group IT, 1 being concerned; and 
that of I, 1 must take part in the bridge, for the molecule lacks the addi- 
tional active group otherwise essential. It remains to determine 
whether the monoses have the a-structure or the /3-structure. 

For a diose formed from two different monoses the problem of identi- 
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fying the monow^ to bo roprosontod by residue I, and that by residue II, 
must be solved. Its solution presents no stu'ious difficulty, the method 
of oxidation einploytid for lactose having been indicated already. 

For the reducing dioses the determination of the constitution of 
celUMose and of maltose will be described, and for the non-reducing 
dioses that of sucrose. 

Cellobiose is a decomposition-product of cellulose (227), and can 
be proved to have the structure indicated by the formula. Methyla- 
tion (204) replaces the hydrogen of each of the eight hydroxyl-groups 
by a methyl-group. Hydroly.sis of this octamethyl-dcrivative by 
warming it with dilute hydrochloric acid hydrolyzes it to a mixture of 
tetramethyldextrose and trimethyldextrosf! : 


_C'H 0 

+ 

6 (ciio('H.i):i n 

(3 

-CH « 

CHoOcru.} 

I. 


HO- II 

VHy.- OHC- 
(dl;,. OIK’, 

c’Ti.{. 01 ir o 


IK.’ 


IK 

CH:i -OH-C 
11 . 




1 

2 

3 

4 
6 
C 


-CIIOH 


noHC^- 

CIhrOIlC 


0 (C’HOCIhOa + C:H;i.(HK' o 

1 CH none I 

' CH0OCH3 II( • 

Clli-OHjC 


+ CH;,OH. 


Part II of the octamethylcellobiose yields the frimethyldc.xtrose, the 
methyl-group of its carbon atom 1 being readily eliminated (204, 3 ). 

A difference in their solubility in chloroform affords a means of 
separating trimethyldcxtrost? and tetramethyldextrose. The tetra- 
methyl-compound is identical with the product of the rnethylation of 
free dextrose. The free hydroxyl-group of the trimethyldextrose must 
have been produced by th(‘ hydrolysis of the cellobiose, and id<mtification 
of the carbon atom united with this group would reveal the mode of 
union of the monoses in cellobiose. It is possible to have four iso- 
mcrides of a trimcthyldextros(^ with a free active group: 
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1 CHOH I — CIIOH I — CIIOH — CHOH 

2 CHOCHs ("HOH CIHOCHu CHOCHs 

3 O CHOCHs 6 ("IIOCILi O CHOH O CHOC ’11:5 . 

4 CHOCH 3 I (’H0C;II;5 I (’H0(’II;5 CpPIOII 

5 I — CH CPI ^ ^ 

6 CH 2 OH CII 2 OCH 3 CH 2 OCH 3 CH20('H3 

1. II. HI. IV. 

A substance with formula II would be able to form an osazone on 
account of the presence of the group 

1 I — CHOH 
,, CHOH 
O I 


and the failure of trimethyldextrosc to exhibit this reaction excludes 
formula II. 

Isomeride I is also excluded, for oxidation of trimethyldextrose with 
nitric acid eliminates a methoxyl-group, with formation of the dibasic 
dimethylsarcharic acid, 

COOH • CHOCII 3 • CHO( ’II 3 • CHOH • CHOII • COOII, 

a substance capable of isolation as ethyl ester. 

Isomerides III and IV have a terminal methoxyl-group, and obvi- 
ously IV expresses the constitution of trimethyldextrose. The meth- 
oxyl-groups of this substance arc themforo located at positions 2, 3, and 6. 

This structure can also l)e ilorivwl from that of lactose'. This dioso 
can bo methylated to a he'ptame'tliyl-comfxmnd convertible by hydrolysis 
into a trimethyldextrose idc'iitical with that obtained from heptamethyl- 
cellobiose. The galactose residue of lactose is known to bo in union with 
cither group 5 or group 4 of the dextroses re*sielue. As is indic;ateid in 215 , 
the active group of lacte)sc is cornbinexl with the dejxtroso residue, iire>ving 
the galacte)se residue not to be in union with carbon atom 1. Morce>ver, 
lactfjse can yield an osazeme involving its dextrejsc residue, indicating the 
pressence ejf a free hydroxyl-group at eairbon atom 2 next to the active group 
at 1. Oxidatie)n of lactejse yields lactobionic acid, and further oxielation 
converts this acid into a galacto-arabinosc readily transformed into an 
osazone, a reaction indicating the presence of a free hydroxyl-group in union 
with carbon atom 3 of the dextrose residue. Consequently the galactose 
residue of lactose cannot be in union with carbon atoms 1 , 2 , or 3 of the 
dextrose residue, but must be attached to either 4 or 5 . The epoxy-oxygen 
atom of the dextrose residue is united with carbon atom 1 , and must also 
be linked with either 5 or 4. A trimethyldextrose with one of its methoxyl- 
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Kroui)a at carbon atom 0 must have its other two rnetlu)xyl-Kroups at nosi- 
tions 2 and .‘5. ' ^ 

An entiwdy different method of demonstrating the union of the two 
dextrose residue's in cellobiost; to be between carbon aloms I, 1 and II 4 
has been indicated by Zemplkn. Acetylation of cellobiose oxirlie 
yields a crystalline octa-acetylcarbonitrile of cellobionic acid, the 
process involving the transformation of the oxime group into a carbo- 
nitrilc group by elimination of water. Sodium methoxide removes 
the acetyl-groups from this compound, and simultaneously replaces the 
cyano-group by a hydroxyl-group with formation of sodium cyanide, 
the product of the reaction being glncoarahinose, a diose with one carbon 
atom less than its parent substance. This diose yields an osazone, 
proving the adjacency of a CHOH-group to the active group. An 
analogous process transforms this glucoarabinose into a glucoerythrose 
incapable of forming an osazone, a proof of the lack in this glucoeiyth- 
rose of a CHOH-group adjoining the active group: 
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Obviously in this glucocrythrose the dextrose residue is in union 
with carbon atom 2 of the erythrose n'sidue, consequently in the octa- 
acctylcarbonitrile of collobionic acid the bridgc-oxygtm atom must bo 
unified with carbon atoms II, 4 and I, 1. The dextrose residues in 
cellobios(! itself must therefore Ixi connected by moans of carbon atoms 
II, 4 and I, 1. 

Analogous investigations have proved maltose to have the same 
structure as c('llobios(', the only constitutional difference between the 
two sugars being the a-glucosidic linking of the two dextrose residues 
in maltose and flu; jS-glucosidic linking in cellobiose. 

The next problem is to (let(*rniine whether the two dextrose residues 
in maltose are « or (i. This carbohydrate is hj'drolyzt'd by maltase, 
which attacks tv-glucosides; it is unaffected by emulsin, which d(;coin- 
poses j8-glucosides. It follows I, hat carbon atom 1 of residue I must 
have the a-configurafion, maltos(' bt'ing a d(‘xtros(;-a-glucosiJo. The 
augmenting mutarotation exhibited by maltose constitutes a n'S<;m- 
blance to /3-dextrose, indicating carbon atom 1 of residue II to have th(; 
/3-configuration. '^I’lu'st; facts prov<; malfos(; to be an a-glucoside of 
/3-dextros(', and s(;rvo to establish its structun* completely. 

By analogous reasoning the /8-glucosidic structure has b(;(;n assigned 
to cellobiose. 

The fact of sucro.se having a dicarbonyl-bond indicates the union 
through oxygen of carbon atom 1 of dextrose and carbon atom 2 of 
laevulose, and for sucrose the structural formula 




(^IlaOH 

1 

1 

CII O - 

a 

2 

2 

CHOII j 

1 CHOH 

3 

:i 

o rnoH j 

P CHOH 

4 

4 

j CHOH 1 

L-ch 

5 

5 


CIToOH 

0 

0 

CllaOII 




Dextrose* 

residue 

LjpvuIobp 

residue 



This formula accords with the transformation of sucrose by methyla- 
tion with dimethyl sulphate and alkali into an octamethyl-derivative 
convertible by hydrolysis into ordinary tetratnethyldextrose. These 
facts indicate the dextrose residue of sucrose to have the normal struc- 
ture, but the laevulose residue is abnormal. The subjoined proof of 
the union of the epoxy-oxygen with carbon atoms 2 and 5 of the laevu- 
lose residue has been demonstrated by Haworth. 
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The oxidation of tetramethyUlxvuIose obtained from sucrose yields 
a trimelhyl-lactol add, one of the CHgOf^Ha-groups becoming oxidized 
to carboxyl. Further oxidation degrades this compound to 2:3:5-tri- 
methylarabonoUictone, and the previously determined structure of this 
substance is confirmed by its oxidation to dimethyUartaric add: 
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From these experiments emerges the remarkable fact of free Isevulose 
having a structure ( 209 ) different from that possessed by it when com- 
bined in sucrt)se. A similar phenomenon characterizes inulin, whose 
laevulose residues have the same constitution as in sucrose, since methyl- 
ation and hydrolysis produce the same tetramethyl-la?vulose from it. 

In researches of. this type it is imperative to be able to ascertain the 
number of methoxyl-groups in the derivatives produced. The opera- 
tion is effected by Zkisel’s method of heating with a concentrated 
solution of hydrogen iodide, the methyl-groups in union with oxygon 
yielding methyl iodide. The amount of silvc'r iodide obtained from 
this halide by the action of silver nitrate can be determined. 


Synthesis of the Dioses. 

For many years experimenters have sought to .synthesize the natural 
dioses. Although in a few instances success has lM*en attained by 
Boituquelot’s enzyme method, and some dioses not found in nature 
have also been synthesized, the problem for the commoner sugars, 
such as maltose, lactose, sucrose, and certain others, was solved only 
recently by Pictet by a method as ingenious as it is simple. 
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Maltose . — As already indicated, this diose is an a-glucoside of 
/3-dextrose. It occurred to Pictet to heat in a vacuum at 150° a mix- 
ture in equal proportions of a-dextrose and /3-dextrose. Water- vapour 
is evolved, and after cooling in vacuum a vitreous, congealed mass 
remains. Alcohol of 90 per cent, strength dissolves the unchanged 
jS-dextrose remaining in the product, and addition of alcohol to a solu- 
tion of the residue in water gives a precipitate of polyoses. After 
transformation by means of acetic anhydride of the substance remain- 
ing in solution, and repeated crystallization of the acetate, maltose 
octa-acetate is obtained in a state of purity. Careful saponification of 
this substance with sodium methoxide yields synthetic maltose identical 
with the natural product. 

When or-dextrose is heated by itself at the same temperature, it 
loses one molecule of water with formation of glucosan, 

Under similar conditions jS-dextrose does not lose water. This behaviour 
is explained by the stereochemical structure of the two dextroses ( 337 ) : 
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Only formula I has two adjacent hydroxyl-groups on the same side 
of the carbon chain, these groups Iwjing capable of ready interaction. 
The elimination of water is assumed to l)e from the hydroxyl-groups at 
1 and 2, and not from those at 1 and 3 or 4; and this view is confirmed 
by transforming glucosan into its triinethyl-derivative, and boiling this 
product with water. In this reaction one molecule of water is added, 
forming a reducing sugar convertible into an osazone, and therefore 
with a CHOH-group adjacent to the active group: 

HC HCOH 

changes into HCOH' 


The first step in the synthesis of maltose must be assumed to be the 
formation of glucosan by heating a-dextrose, this reaction being fol- 
lowed by the addition of a mol^ulc of jS-dextrose: 
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Confirmation of this view of the mechanism of the process is ob- 
tained by heating cquimolecular amounts of glucosan and /3-dextrose 
at only 130° in presence of a small proportion of zinc chloride. 
Twice the quantity of maltose is produced, and there is no elimina- 
tion of water. 

Lactose . — An analogous proceas for synthesizing lactose involves 
the fusion at 175° in a vacuum of a mixture of cquimolecular amounts 
of /8-galactose and /3-dextrose, the theoretical proportion of water, 


2C„II,20«-H20, 

being eliminated. 

Sucrose . — The synthesis of sucrose cannot be effected so directly, 
because the form of lacvulose constituting part of that diose, with the 
epoxy-oxygen in union with carbon atoms 2 and 5, is unstable in the 
free state (compare 209 and the formula for sucrose on page 260). 
There are certain stable derivatives of this form, among them a tetra- 
acety 1-compound. When ordinary laivulose with its epoxy-oxygen in 
union with carbon atoms 2 and 6 is acctylatod, the normal tetra- 
acetate crystallizes as the main product. Simultaneously there is 
produced a small proportion of an isomeride in syrup form, apparently 
the tetra-acetate of the unstable -y-modification. The experinient 
indicates lajvulose in solution to be a mixture consisting of a large 
projjortion of the stable form and a small proportion of the unstable 
variety. 

A proof of the formation of the acetate of unstable lajvulose is 
furnished by the union of this acetate with that of dextrose to fonn an 
octa-acetate of sucrose through elimination of water. The reaction 
is induced by dissolving the two acetates in chloroform, and agitating 
the solution with phosphoric oxide, P2O5. 

Saponification of its octa-acetate 3’-jelds sucrose identical with the 
natural product. In the subjoined scheme the acetyl-group is denoted 
by Ac: 
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Numerous examples of diose production by the union of two monoses 
with elimination of water are possible, but it is most remarkable how only 
those corres})onding with the formation of natural products have been 
induced. In the syntlu'sis of sucrose chance plays a part, for the solution 
of ordinary la^vulose contains the y-form, and not one of the isomeric 
varieties ])ossible with the epoxy-oxygen in union with other carbon 
atoms. 

The syntheses of maltose and lactose are characterized by many more 
possible variations. A fortuitous fact of primary importance is the union 
of /3-dextrose with the oxygen attached to carbon atom 2, and not with 
that linked to carbon atom 1. In addition, /S-dextrose has five hydroxyl- 
groups; and the fact of the epoxy-oxygen of dextrose reacting with the 
hydroxyl-grf)up of carbon atom 4, and not with one of the other four 
hydroxyl-groups, is quite accidental. 


Alcoholic Fermentation. 

221 . The process of alcoholic fermentation was known in antiquity, 
but for many centuries a clear insight into its mechanism was lacking, 
and was not gained until the second half of the nineteenth century. 
Two types of resoarcdi must be distinguished in this connexion, the first 
being the cause of fermentation, and the second the process involved in 
the phenomenon. 

During last century two contradictory explanations of the cause of 
alcoholic fermentation were suggested : 

1. Liebig assumed the proteins introduced into a solution of sugar 
along with the yeast to undergo decomposition, the change inducing the 
transformation of the sugar into carbon dioxide and alcohol. At first he 
refused even to admit yeast to consist of living cells. 
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2. The investigations of Caoniard De La Tour and those of Schwann, 
nnd Pasteur's subsequent brilliant researches in 1S()0, engendered the 
belief that the living yeast in propagating itself acted as the agent for 
transforming the sugar, the process being a physiological phenomenon 
involving a complex biological function of the yeast-cells. 

In consequence of the great regard felt for his au(hf)rity, Iaebig’s 
. hypothesis was accepted almost generally for some decades, and lost its 
prominence only as a result of th<? <!ompletely convincnng proofs advanced 
by Paste I'll in support of his own point of view. At a later period defects 
in Pasteur's theory wore re^'ealed by the work of Eduard Bc’chner, 
whose explanation of the cau.sc of fermentation is accepted now as correct. 

Id accordance with Pasteur's theory, the process of fermentation 
is inseparable from the presence and propagation of yeast-cells. The 
inducement of ferment at ion without their presence cfFected by Eduard 
Buchner has rendered it invalid. He triturated fresh yeast with 
sand, whereby the (adl-walls were destroyed. Under great pressure 
yeast-juice was separated from the dough-like mass, the cells suspended 
in it being removed by filtration. Buchner proved in various ways 
the freedom of this yeast-juice from living cells and living protoplasm. 
One method was to kill the yeast by the action of acetone; the extract 
from the dead yeast can induce in a solution of sugar active fermentation 
like that obtained with living yeast. The fermentation is caused by a 
dissolved substance classeil with the proteins on account of its properties, 
such as coagulation on warming. It is a typo of enzyme named by 
Buchner zymase. The yeast-cells have only the function of producing 
zymase. 

The labour involved in the unravelling of the chemical process 
accompanying fermentation has not been l(\ss than that expended on 
the discovery of the cause of this fermentation. 

Lavoisier wu.s the first investigator to undertake a (luantitative study 
of the fermentation process, and about 1789 lie came to the coiudusion that 
it induced the transformation of sugar into alcohol and carbon dioxide 
without the taking up of water or of other substances. In 1813 G.\y- 
Lussac suggested the repmsentation of the reaction by the equation 


C.H,2()6=2C2H«0-1-2C02, 
and in the main his view still is accepted as correct. 

A mere comparison of the structure of sugar with that of carbon 
dioxide and that of alcohol indicates fermentation to be accompanieii 
by an extremely complex transformation of the sugar molecules, prob- 
ably involving various intermediate stages. A hypothesis suggested by 
VON Baeyer in 1870 constitutes the basis of the explanation proposed 
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by Neuberg and at present accepted, von Baeveb supposed the 
rupture of the sugar molecule to be preceded by a displacement of 
hydroxyl-groups and of hydrogen atoms, explicable on the assumption 
of a hydrogen atom undergoing transference after elimination of water 
in the ordinary way. The complex — CIIOII-CIIOII — is transformed 
first by loss of Ihe elements of water into — CII:C(OH) — , this 
grouping then changing into — CH2*CO — . The result is identical 
with that attainabhi by an exchange of position between hydrogen and 
hydroxyl, followed by elimination of water: 

— CIIOH • CIIOH > — CH2 • C( 0 H )2 > —0112 • CO—. 


Various analogous transfonnations arc known, among them the con- 
version of glycerol into acraldehyde (152). 

After a change of the tj'pe indicatc'd, the molecuhi is assumed to 
undergo fission into two parts, each with three carbon atoms: 
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According to this scheme the sugar molecule should yield two molecules 
of pyruvaldehyde. Since this substance is not fermentable, or at least 
can be fermented only very slowly, it cannot be an intermediate product 
in alcoholic fermentation, for that process at once yields carbon dioxide 
and alcohol. Neuber(} assumed two molecules of this aldehyde to 
react with water in accordance with Cannizzaro’s reaction (108) : 
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Under the influence of yeast pyruvic acid is transformed very readily 
into acetaldehyde and carbon dioxide: 

CH3 • CO • CO2H = CHa • Cq-P CO2. 
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The molecule of acetaldehyde thus generated reacts with one of pyruval- 
dehyde, with addition of a molecule of water; 

CHs • CO • c 5 O CH3 • CO • COOH (Pyruvic acid) 

+ _ + = + 

CH3-Cq Hz CHs-CHz- oh (Ethyl alcohol) 

The regenerated pyruvic acid again is decomposed into carbon dioxide 
and acetaldehyde, this substance reacting with pyruvaldehyde as before. 
The cycle continues until the pj’nivaldehyde has been consuiiKid entirely. 
In yielding ethyl alcohol and carbon dioxide in etiuimolecular propor- 
tions, the process is in accord with Gay-Lussac’s equation; and the 
accuracy of the explanation is supported by the formation of glycerol 
and acetaldehyde as by-products in alcoholic fermentation. 

Very interesting evidtmee as to the course of fennentat»on has been 
obtained by NEumsita through addition of excess of sodium sulphite, 
NazSOa, to a fermenting solution of <lextrose. The effect was not to 
inhibit the fermentation process, but to generate quit(j different pro- 
ducts, equivalent proportions of acetaldehyde as sulphite compound 
and of glycerol being <ibtained. Normally, the hydrogen taking part 
in the reaction is able to reduce the acetaldehyde to ethyl alcohol; and 
the explanation of the phenomena arising from the changed conditions 
lies in the inability of the sulphite derivative of acetaldehyde to undergo 
reduction, the hydrogen laung consumed instead in the conversion of 
a molecule of pyruvaldehyde into glycerol. 

During the war of 1914 to 1918 this method was employed in the 
manufacture of glycerol from dextrose (152). 

Besides the alcoholic fermentation various other fennentation 
processes arc known. Among them arc the lactic and butyric fermenta- 
tions of lactose; the putrefactive fermentation; aiul a number of others, 
examples already mentioned being the formation of butyl alcohol and 
acetone from starch (46 and iii), and that of citric acid from dextrose 
(197). The alcoholic fermentation of the amino-acids is considered 
in 242. 

Fermentation processes are defined now as reactions initiated at 
the ordinary temperature and proceeding slowly, usually accompanied by 
the evolution of gas and by a positive calorific effect. In these processes 
micro-organisms such as yeast-cells, bacteria, moulds, and similar 
agents play a part analogous to that involved in alcoholic fermentation, 
generating the enzymes inducing the transformation. 
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Exu^mes. 

222. When present even in very small proportion, the substances 
known as enzymea have at the ordinary temperature the power of 
inducing reactions not otherwise initiated. They are true catalysts. 
Throughout tlie whole of organized nature they play a most important 
role, for without them life would be impossible. Among the typical 
instances of their action are the digestive processes of the animal 
economy. Saliva contains the enz5nne ptyalin, capable of hydrolyzing 
starch. The enzyme pepsin is present in the stomach, and hydrolyzes 
proteins. In the pancreatic gland there are three enzymes: lipase, a 
hydrolyzer of fats; amylase, a hydrolyzer of polyoses; and trypsin, 
capable of decomposing proteins. In 43 mention is made of the ability 
of diastase to convert starch into maltose, and in 221 zymase is stated to 
be able to transform sugar into carbon dio.xidc and ethyl alcohol. More 
than a hundred enzymes arc known at present. Such processes as the 
assimilation by plants of carbon dioxide and water (223) to produce 
starch, and the mineralization of vegetable or animal waste, must be 
regarded as enzyme actions. 

Primarily the action of enzymes depends on the temperature, their 
activity being suspended below the freezing-point, but returning at the 
ordinary temperature. At temperatures between 30 ° and 50 ° it attains 
its maximum, but at higher temperatures the destruction of the enzyme 
diminishes it, none of them being able to withstand the temperature of 
boiling water. In great measure their action depends on the acidity of 
the solution, the optimum for invertase (see below) corresponding with 

pii = 4'5 to 5 * 0 . 

A second characteristic of enzymes is their tendency to become 
inactive or “ poisoned ” through contact with small proportions of 
certain substances, among them hydrogen cyanide. 

A third feature of the enzymes is the highly specific nature of their 
action, any individual being capable of inducing change in a few sub- 
stances only, and exerting no influence on other similar compounds. 
This phenomenon is exemplified by the various inonoses with two to 
ten carbon atoms, alcoholic fermentation being limited to the trioses, 
hexoses, and monoses. In accordance with their formula only these 
monoses can be converted readily into carbon dioxide and ethyl alcohol, 
a reaction tj^iified by the scheme 

nCsHeOa -> wC2H50H+nC02. 

The enzyme invertase present in yeast first transforms sticrose into 
dextrose and laevulose, these monoses then undergoing fermentation. 
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Formerly the fermentation of dioses was believed to require invariably 
a preliminary hydrolysis to monoses. Doubts as to the accuracy of this 
view have been engendered by the discovery of types of yeast containing 
little or no ‘tnaltase, yet capable of readily fennenting maltose. There 
are also types of yeast, exemplified by Sckizosaccharomyces octosporm 
discovered by Beyeuinck, able to ferment maltose but not sucrose. 
Yeasts of this variety are ssumed to lack invertase, but to contain the 
enzyme for the hydrolysis of maltose called maltase. For the rapid 
hydroly.sis of each diose a specific enzjane is necessary, and each of these 
enzymes can induce other, but much slower, transformations. 

The power possessed by enzymes of effecting decomposition was 
proved by Emil FisoiiEit to be connected intimately with their stereo- 
chemical configiiration. The three natural sugars, d-glucose, d-mannose, 
and d-fructose, can undergo fermentation; but their mirror-images, 
Z-glucose, Z-mannose, and Z-fructose, are not fermentable. 

Only incomplett; insight into the chemical nature of the enz}rmes 
and their power of decomposing compounds has been attained. None 
has been isolated in the pure state, although in this respect in recent 
years great progress has been njade through the researches of Will- 
STATTEii and his collaborators. Initially he investigated the methods 
for extracting the enzymes from plants, glands, and other material, 
and found them to be susceptible of considerable improvement through 
judicious selectiori of the extracting lujuid. One of his results demon- 
strahjd the alcoholic method formerly employed for extracting the pan- 
creatic gland to be unsuitable in view of the destruction of the greater 
part of the enzymes, extraction with acetone being found to give good 
yields. He devised a method of det(‘rmining the concentration of 
enzyme solutions involving measurement of the velocity of reaction 
induced by a known proportion of the solution under investigation. 

The reactivity of a given quantity of a gland or of an enz 3 rme solution 
can be expressed by two numl)ers, one giving the amount of enzyme present, 
anfl the other its activity. Each is measured in certain units, the first 
having been termed by Willstattek the enzyme-unit, and the second the 
enzyme-valm. An example will make the procedure clear. 

A small weighed portion of an enzyme preparation is added to a measured 
volume of a sucrose solution of known concentration, the optimum of pn 
being maintained by the addition of a one per cent, solution of a primary 
phospliatc. The time requisite for the reduction of the original rotation 
of the liquid to 0° is noted, this point corresponding with an inversion of 
about 75 per cent, of the sucrose. The number of minutes required to 
complete this operation was named by Willstattek the time-value of 
the solution, and the better the quality of the enzyme preparation the 
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smaller will this time he. lie termed the inverse of the time-value 
the ettzyme-vahte. The enzyme-unit is the quantity of ejizyme in fifty 
milligrammes of the dry suhstanec contained in the portion of the prepara- 
tion added, and is given by the time measurement. F<»r example, one 
sae(rharase-unit is present in (a) sixty grammes of fresh j'east, (6) fifteen 
grammes of dried yeast having the saccharase- value Tshv, and (c) five milli- 
gramme.s of a preparation with a])proximately the beat saccharase-value, 
namely 10. 

Hy determining the enzyme-value and tlui enzyme-unit at each 8tag<' 
of purification, the quality of the preparation can be judged; and by this 
means it is possible to control the step-by-stej) concentration of enzymes, 
'riie method is handicapped because the reactivity of the enzymes is often 
much affected by their degree of dispersion and by the nature of tin* 
associated substances. This jihenomenon is specially characteristic of the 
lipolytic enzymes, but is much le.ss marked with the enzymes employed 
in the hydrolysis of dioses. 

In some instances, such as that of invertaso from yeast, direct 
extraction was found to be impossible, the extraction of that enzyme 
by water requiring the preliminary destruction of the proteins by a 
proteolytic enzyme. This phenomenon points to the existence of a 
protective layer of proteins around the invertase. 

Some enzymes appear to be combined with, or more probably 
adsorbed by, other substances present in the cells. Emulsase, the 
cnz3rme of bitter ahnonds, is extracted very imperfectly by water, but 
quite readily by an extremely dilute solution of an alkali. 

The enzymes being chemically indifferent, chemical methods are 
inapplicable to their isolation. A general method for their concentra- 
tion involves adsorption by aluminium oxide or kaolin, the substances 
most frequently employed by Willstai’teu. They have a selective 
action, aluminium oxide adsorbing pancreatic lipase, but not the other 
enzymes of the pancreatic gland. 

The exjHiriments of Willstattkk have demonstrated the possibility 
of preparing various types of aluminium hydroxide of very divergent 
selective adsorptive power. He denoted those varieties as a, /3, and y. 
The a-modification is soluble in hydrogen-chloride solution of 0- 1 per cent, 
strength, and in sodium-hydroxide solution of the same concentration; 
the 'y-modification is insoluble in hydrogen-chloride solution of ten per cent, 
strength, and in sodium-hydroxide solution of four per cent, strength. 

When precipitated aluminium hydroxide is heated with ammonia at 
250®, a gel of the composition A10*0H is produced. It lacks both basic 
and acidic properties, but is characterized by a high degree of selective 
adsorptive power. 
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The separation of the enzyme from the adsorbent can be effected by 
extraction with a suitable solution. For this purpose a dilute solution 
of a basic phosphate is employed frequently. 

Sometimes difficulty is caused by the adsorbent precipitating also a 
considerable proportion of enzymatic indifferent substances, but in 
such instances the application of a second adsorbent carries the purifi- 
cation process a stage fur .ler. An example is furnished by the inability 
of kaolin to adsorb invertase of a certain degree of impurity, although 
it adsorbs purer specimens readily, leaving the contaminating yeast-gum 
in solution. 

By these methods Willstattkk succeeded in raising the concen- 
tration of pancreatic lipa.S(j to three hundretl times its concentration in 
the gland after nnnoval of fat and wafer, and for yeast-saccharase he 
attained a concentraf/ion between sixteen and seventeen hundred-fold. 
Such a concentrated enzyme is frtH; from proteins and carbohydrates, 
a fact njfuting the view formerly adopted almost universally as to the 
enz3ancs being a type of protein. Its phosphorus content in this state 
docs not exceed O-OOG per cent., indicating the impossibility of the 
enzyme containing numerous groups of nucleic acids. 

Despite the great progress achieved, it is still impossible to isolate 
pure enzymes, and their ch<imical constitution remains unknown. The 
study of these substances is hampered by the great hindrances to obtain- 
ing them in the pure condition, as well as by the labour involved in 
isolating them in quantities adequate for chemical research. 


Vitamins. 

For many years the impossibility of maintaining life in animals fed 
with a mixture of purified albumin, fats, carbohydrates, and mineral 
substances has boon known. These materials are the constituents of 
food. When yoiing rats are fed on a mixture of this type, they die in 
a few days; but the addition of even a small proportion of milk to this 
diet keeps them healthy, and induces normal development. This effect 
must be due to the presence of milk of one or more substances, and 
research has demonstrated natural foodstuffs to contain in very small 
proportion products indispensable for health. They are termed vitamim. 

The vitamins are classified in two varieties, those soluble in fats, 
and those soluble in water. Three of the first type are known, distin- 
guished as A, D, and E. Vitamin-A and vitamin-D are present chiefly 
in liver-oil, and protect the body from the development of rickets. 
Animals fed on a diet lacking vitamin-j& develop normally, except that 
they are sterile. 
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The saponification of fats with boiling caustic alkali leaves about 
one per cent, as an unsaponifiable residue. That from animal fats con- 
sists mainly of cholesterol, and that from vegetable fats of phytosterol, 
these substances being closely related, complex higher alcohols. Along 
with them are found the vitamins. Distillation of the mixture at a 
pressure of two millimetres yields a fraction containing the vitamins, 
and boiling between 180° and 200°, but it has not been possible to pre 
pare them from this distillate in the ptire state. When submitted 
to the action of ultraviolet light, both these sterols acquire the prop- 
erties of vitamin-D. The proportion of vitamins essential for normal 
feeding during growth is extremely minute. It suffices to give 
rats receiving a daily food ration wt'ighing fifteen grammes one- 
hundredth of a milligramme of the distillation fraction previously 
mentioned. 

The vitamins soluble in water arc denoted by B and O. Vitamin-il 
protects against beri-beri, vitamin-f7 against scurvy. V'itamin-C' is 
present in green.s, oranges, and lemons. C. IOyk-MAN detected vitamin-.^ 
in rice-bran, and afttjr a lengthy series of experiments Ja.vskn and 
Do.vath succeeded in the year 1926 in isolating it from this substance 
in the pure crystallized state. Pigeons fed on shelled rice sicken after 
about twelve days, but a<ldition to their diet of one-millionth part of 
vitamin-5 restores them to health. From 300 kilogrammes of rice-bran 
it is possible to prepare in the pure state about one-tenth of a gramme 
of the hydrochloride of this substance, a salt melting at 250°. Micro- 
analysis has indicated the provisional formula CoIIioON2,IICl. 

As3rmmetric Synthesis. 

223. Laboratory syntheses effected with optically inactive material 
always yield inactive compounds, but plants employ such inactive 
material as carbon dioxide and water for the synthesis of d-glueose and 
numerous other optically active compounds. They produce also opti- 
cally active nitrogenous compounds, such as proteins and alkaloids, 
although the nitrogen reacts cither in the free state or as nitric acid. 
Two problems present themselves for solution; 

1. The mode of formation of the first optically active substance 
from inactive material. 

2. The production of active substances from inactive material under 
the influence of an optically active body already existing. 

The solution of the first problem is still unattained. The formation 
of the first optically active compound has been suggested to have been 
induced by the circularly-polarized light present at the earth’s surface; 
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but although this hypothesis is plausible, it still lacks experimental 
confirmation. 

More progress has been made towards the solution of the second 
problem, some a.symmetric syntheses of this type having been effected, 
mainly by McKenzie and his coadjutors. 

Reduction of henzoylformic acid, CtH.-i'CO'COOH, yields inactive 
mandelic acid, CoHs-CHOII-COOH. In contrast, reduction of an 
ester of this ketonic aci<l derived from such an optically active alcohol 
as the laevorotatory menthol produces a mixture of the ester of the 
dextro-acid with a small excess of that of the IjBvo-acid. Saponification 
gives active mandehc acid, despite the elimination of the asymmetric 
sfructtm; occasioned by IIk; pi-e.sence of the menthol residue. The 
formation of Z-lactic acid by tlu* reduction of f-bornyl pyruvate with 
aluminium-amalgam is a similar reaction: 

( 1 1:5 • C X > . ( ’( )( )( \ „H, 7 C -ll.^ • ( TIOH • ( ;ooH. 

/-Lactic acid 


Another example is the formation of excess of ^-tartaric acid through 
oxidation of rnonobornyl fumarate by permanganate (324). 

In an analogous way the jihotosyn thesis of dextmse from carbon 
dioxide an<l wat(‘r under the influene<i of the optically active chlorophyll, 
a substance indispensable for (he formation of starch in the plant, can 
be assumed to involve the fonnation of dextrose instead of inactive 
glucose. 

The occurrence in nailin' of all the possible optical isomeridcs of a 
compomid is exceptional. Onlj' (he dextrorotatory forms of dextrose, 
tartaric acid, and lactic acid are natural products. The reason for nature 
not having produced the chemical mirror-images of all optically active 
substances found in the existing flora and fauna is an unsolved problem, 
for so far as is known at present the probability of the formation of 
both types must have been equal. 

ra. POLYOSES. 

Raflinose, Ci8H3a0iG,5H20. 

224. Raffiymse is the most important of the small group of hexotrioses. 
Their formula is Cl JI 3 aO 1 8 , or SCsHisOa— 2H*0. 

RafRnosc is classed as a hexotriose, the hydrolysis of its molecule adding 
two molecules of water with formation of one molecule of Isvulose, one of 



^4 


ALDEHYDO-ALCOHOIJS AND KETO-ALCOHOLS 


[§225 


dextrose, and one of d-galactose. Careful hydrolysis transforms rj^inose 
quantitative!}' into la'vulasc and the dioso melcditm. This diose is different 
from lactose, btit like it yields dextrose and d-palactose. The action of 
emulsin converts raflinoso into rf-galactoso and sucrose. Ilaffinose does 
not exhibit any of tlic monose reactions, this characteristic being exempli- 
fied by its inability to reduce an alkaline copper solution. This lack 
proves the absence of an active group, raffinose being represented by 


C6HMOi<O.C*H.o04<0>CJIiiO». 


Melcdiose has the .sugar reactions, and therefore contains one free active 
group, its formula being 

CJIu06<()-C6lIll0h<( . 


These facts indicate the decomposition of raffinose into monose and diose 
to occur at the dicarboiwl-bond, as otherwise tfierc would be obtained a 
diose, Ccnii06<()>C6Hii06, lacking a free active group. 

Raffinose crystallizes with five molecules of water. Sucrose containing 
a certain proportion of this polyose yields pointed crystals. 

M anneotetroi^e is a tetrose presemt in manna. Hydrolysis of its molecule 
yi(*lds two molecules of galactose, one inolc'cule of dextrose, and one mole- 
cule of lii'vulose : 


C24H4/)21+3ll2O = 2C8Hi2O6+C6Hl2O0 + C6lI,,O6. 

Maniicototrose Galactose Dextrose Lsevulose 


Higher Polyoses. 

225. Most of tho higher polyasc-s aro amorphous, and do not possess 
a sweet taste; many <jf them an; iiisoluhle in water. Their hydrolysis 
yields monoses, either jx^ntoscs or hexoscs, indicating the monose 
residues to be united through the oxygon atom. The molecular weight 
of the polyoses is unknown, but it must be very great. Their empirical 
formula is C0II10O5. Hydrolysis of nearly all the polyoses yields monoses 
with the same number of carbon atoms. 


Starch. 

Starch is the first observable assimilation-product of plants. It 
occurs in large quantities in the tubers, roots, and seeds of many plants, 
being present in the form of granules differing in form and size in 
different plants. Some of these granules are represented in Figs. 61 , 
62 , and 63 . 
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Fig. 61. — Rye-starch. X 320. 


Starch ie insoluble in cold water, and in hot water it swells without 
dissolving. It yields an intense blue coloratit)n with a dilute solution 
of iodine, the reaction serving as a test for both this halogen and starch. 
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Fio. (5:j. — POTATO-STAllCH. X 250. 


Addition under tiie microscope of a concentrak'd solution of taniiin to 
the liquid obtained l)y boiling one; graniruc of potato-starch with 100 c.(!. of 
water demonstrates the starcli-granules to consist of a skin filled with a 
liquid coagulated by the action of the tannin. Starclj con-si.sts therefore 
of two distinct indiv'iduaLs; the skin, d<'signated niiiyloceMulose; and the 
soluble part, termed gravulone. Ainylocellulose constitutes about eighty- 
three per cent, by weight of starch, and (!an bcj prepared from it by extrac- 
tion of the granulose with a dilute solution of sodium hydroxide. Only the 
granulose produces the blue coloration with iodine. 

Boiling with dilute acids converts starch completely into dextrose. 
Contact with diastase induces liquefaction of starch-paste, follow(‘d by 
decomposition of its molecules with ultimate formation of maltose and 
zsomaltosc, C 12 II 22 O 11 . Each process yields intermediate gum-like 
polyoses termed dextrins, and having a smaller number of atoms in the 
molecule than starch. Some of these i)roducts have been obtained in 
crystalline form. Dextrins are formed also by heating starch alone at 
200®, or with a small proportion of nitric acid at 110°. 

An amorphous flocculent precipitate of dextrins is obtained through 
addition of alcohol to their aqueous solutions. Unlike stanch, they give 
a red coloration with a solution of iodine. Addition of cold concen- 
trated hydrochloric acid to starch causes consiflcirable swelling of the 
granules, and the production of a thick jelly. After the lapse of a few 
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hours the jelly liquefies, the starch having undergone conversion into 
dextrin. The transformation is proved to have occurred by the red 
coloration given with iodine, and by the amorphous flocculent pre- 
cipitate deposited through addition of alcohol. At the end of a few days 
neither of these dextrin reactions can be obtained, and the solution is 
found to contain dextrose only. 

Different plants in., only contain starch and dextrin in different pro- 
portions, but these constituents differ in such properties as solubility. 

Starch lacks the reactions of the monosos, this characteristic being 
exemplified by its inability to reduce an alkaline copper solution, to 
undergo resinification by alkalis, and to yield a compound with phenyl- 
hydrazine. These facts prove the absence of a free carbonyl-group. 

Manufacture of Starch. — ^I'he process for the manufacture of starch does 
not present any theoretical difficulties. Potato-starch is prepared by fine 
grinding of potatoes to destroy the cell-tissue and lay bare the starch- 
granules. These granules are washed from the cell-tissue by the action of 
water in a special apparatus somewhat resembling a sieve. They are 
allowed to setfle, are washed carefully, and dried slowly. 

Starch is employe<l for many purposes in the arts, as an adhesive paste, 
and for stiffening linen in laundries. In the laundry process the starch- 
paste is eonvcr((*d by the heat of the smoothing-iron into a stiff and glossy 
layer of dextrin <‘oating tins fibres of the linen. St.arch is of great impor- 
tance as a constituent of foods, its utility in this connexion being considered 
more fully in physiological text-books. 

Glycooen (CoHioOs),- 

Glycogen is a substance resembling starch, and is jjresent in both moulds 
and yeast .as well as in such an animal orgiinism as that of oysters, whereas 
the other polyoses are vegetabh* j)roducts. Usually it is prepared from 
rabbit-liver by destroying the tissue with .a boiling concentr.ated solution 
of an .alkali-metal hydroxide, the glycogen bc'ing unaffected. It is a white 
amorphous jHJWtler, dissolving in watt*r with formation of an opalescent 
solution. Its hydrolysis yields dextrose only. 

Cellulose (CsHioOs)*- 

226. Cellulose is a polyosc of very high molecular weight. The 
cell-walls of plants consist principally of it and of lignin, a substance 
probably not a polyose. 

Lignin can be separated from wood by dissolving the cellulose in a 
solution pntpared by saturating hydrochloric acid at 0** with gaseous 
hydrogen chloride. 
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The formula of lignin is unknown, but it contains the groups methoxyl, 
acetyl, and formyl. The formation of methyl alcohol by the dry distilla- 
tion of wood depends on the presence of lignin, the process not producing 
this alcohf)! from pure cellulose. Lignin also contains benzene-nuclei, for 
its oxidation at 400° by oxygen under pre.ssure yields benzoic acid and 
metaphthalic acid (350). Similar oxidation of cellulose produces fatty 
acids and oxiilic acid. A test for lignin is described in 228. 

Cellulose is very .stable toward.s dilute acids and alkalis, a property 
utilized in the technical preparation of cellulose to free it from com- 
panion substances in the jilant-inaterial. Linen, cotton, and paper con- 
sist almost exclusively of cellulose, and good filter-paper is cellulose of a 
high degree of i>urity. Cellulo.se is hydrolyzed completely by dissolving 
it in concentrated sulphuric acid, diluting with water, and boiling the 
solution. The cellulose from such material as cotton-wool and paper 
yields de.xtrose exclusively, that from such products as coffee-beans and 
cocoa-nibs giving d-mannose. Cellulose is converted by sulphuric acid 
containing half its volume of water into a colloidal modification, amyloid, 
characterized by yielding a blue coloration with iodine. This reaction 
furnishes a test for cellulose. Tlie arnmoniacal solution of cupric oxide 
known as Schweitzer's reagent dissolves cellulose, the polyose being 
precipitated chemically unchanged from this solution by acids and 
salts, and drying to an amorphous powder. 

The action of acetic anhydride and concentrated sulphuric acid on 
the cellulose of filter-paper, of cotton-wool, and of other materials, 
yields the octa-acetyl-compound of the diose cellobiose (220), obtained 
by saponification of the acetyl-derivative with alcoholic potash. Inver- 
sion converts cellobiose into dextrose. It is the simplest polyose 
obtained from cellulose, as maltose is the simplest polyose formed from 
starch. This fact furnishes an important argument from the chemical 
standpoint, supported by observations in vegetable physiology, in 
favour of regarding cellulose and starch as essentially different sub- 
stances, and against a.ssuming cellulose to be a higher polymeric form 
of starch. 

Constitution of the Higher Polyoses. 

227. For the higher })olyose.s also it will be necessary to limit the con- 
sideration of structure to two examples, but they will furnish sufficient 
insight into the procedure apj)licable to tracing the constitution of the 
other polyoses. 

The formula of the dioses is Ci2H220n, these sul>stances being produced 
by the elimination one molecule of water from two monose molecules. 
By analogy with thi.s type of reaction the formula of the polyoses was 
formerly believed to lx; capable of representation as 

/iC6H|20« — (ji — 1)H20, 
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approximating as n increased to the empirical formula CcHioOs indicated 
by quantitative analysis. For various reasons this view is now known to 
be incorrect, one of them being the degradation of starch by the action of 
Bacillus macerans. The process yields definite crystallized compounds 
termed amylases with the composition (Cr.IIioOr.);* or (C6Hio05)4; and these 
substances exhibit many )f the cliaractoristics of starch, among them the 
formation of a coloration with iodine. 

The current view assumes the polyoses to be produced by the removal 
of n molecules of watc'r from nC«,Hi 20 b molecules, the elimination of water 
being attended by ring formation as exemj)lified in the subjoined formula 
for cellulose. This assumj)tion is based on the following considerations. 
If the hexose residues wt^re arrang<‘d in an opcm chain, thc?n? would have to 
be two tcirminal hexose r(‘sidues each with four free hydroxyl-groujis, eacdi 
of the intermediate residue's having only thrc'e such groups. The maxi- 
mum number of methyl-groups capable' e>f be'ing iiitre)du(^ed into the polyoses 
fe)r <\Hch CGlIjof )&-gre)Uj) is three', and hydrolysis of the methylated products 
yields exclusively trime^thylglucose. With an e)]K'n-chain structure small 
pre)portie)ns of tetramethylglucose should also be obtained. 

Cellulose . — As indicated j)reviously, the degraelatie)n of the jwilyoses 
yiedds ce^lle)biose, a logical reason for making the structure of this compound 
the basis feir that e)f cellule)se. 

Eliminatiem ejf a molecules e>f water fre)m gre>u])s I, fi and 11, 1 of cello- 
biosc, C 12 II 22 O 11 ( 220 ), gives the e'lninrical fe)rmula (^.HioOa, that of cellu- 
lose. The compound pre>eluced has the formula anel resembles 

cellulose in its lack of an active grouj), a characteristic corresi)onding with 
the absence of reducing power. These facts jioint to cellulose being a 
simjJe polymeride of the complex (C'JellioO.Oa. A difficulty is the failure 
to obtain a hundred jjcr cent, jdeld of cc'llobiose, the maximum being fifty 
per cent.; but it is right to remember the great experimental difficultit's 
associated with the jn'oeess, for probably they inhibit the attaimnent of a 
theoretical yield. 

It is therefore necessary to assume the complex to have at least three 
glucose-residues, the corrc'sponding theon^tical yield lu'ing sixty-six per 
cent. Actually a small proportion of a triose named proccllose has been 
detected among the products of acetolysis. The structure of such a com- 
plex can be rejiresented by the formula 

CH,()II 

cm O 

CH O— CH • CH(OH) • CH(OH) • CH 

CHOU 

0 CIIOH I 

1 CH O— CH • CH(OH) • CH(OH) • CH - CH - CIIsOH 


' CII 

CH,OH 


O 
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the CH-groups in union witli an active group after hydrolysis being indi- 
cated by bold-face type. 

The additional possibility of the cellulose molecule being constructed 
of open chains composed of a great number of cellobiose residues cannot be 
wholly excluded. 

Starch , — The methylation of starch readily substitutes two methyl- 
grou[)s in each CcHu.Os-furoup, but only very prolonged methylation yields 
a product with 4.*^ -7 per c('nt. of OClIa, corresponding with three methyl- 
groups for each CcHioOa-group. Hydrolysis of this trimethyl-derivative 
of starch gives a good yield of the same 2 ^ 3 - 6-trimethyldextrose obtainable 
from maltose and cellobiose. These results and the formation of amyloses 
from starch justify the assumption of the basic complex of that substance 
being a trihexosan with the dextrose residues united between carbon atoms 
1 and 4 , as in the formula proposed for x^rocellose. Whilst the linking of 
the dextrose residues in proeellose is / 3 -giu(tosidic, tliat in the trihexosan 
constituting the l)asis of starch must be a-glucosidic. The possibility of 
starch having a ring-structure of more than three dextrose residues must 
also not be overlooked. 


Technical Applications of Cellulose; NiTKOcELLirLosEs; 

Artificial Silk. 

228. Linen is prepared from the stalk of the flax-plant. Tlie linen 
fibres can be obtained from the flax, cellulose being very stalde towards 
chemical reagents. One method involves steeping the flax in water for a 
period between ten days and a fortniglit. The consequent decay of the 
external fibre gives rise to an unpleasant smell. The material is dried by 
spreading in the open, and then is passed between corrugatc^d rollers. 
This crushing loosens the external Avoody fibre, and it is stripped off by 
revolving wooden arms named ^Svii^ers,” a process termed “scutching.'^ 
The linen-fibres have a grey colour, and are bleached either by exposure to 
moist air and sunlight or by means of bleaching-powder. 

Formerly paper was prepared almost exclusively from linen-rags, but 
now it is manufactured mainly from wood and straw. These materials 
must be divided into fibres, and the fibres are separated as much as possible 
from the other “incrusting'* substances prcjsent. For wood this end is 
attained by the sulphite-method through heating under pressure with a 
solution of calcium hydrogen sulphite, and for straw by heating under 
pressure with sodium hydroxide. By these processes most of the incrusting 
substances are dissolved, the wood or straw being bleached at the same 
time. The residual cellulose can be separated readily into fine fibres, 
an operation necessary to the manufacture of paper-pulp. It is not 
possible to remove all the lignin by these means, and accordingly wood- 
paper and straw-paper answer the tests for lignin, and can be recognized 
thereby. Lignin gives a yellow coloration with salts of aniline (297), and a 
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red coloration with a solution of phloroglucinol (337) in concentrated 
hydrochloric acid. 

Parchment-paper is prepared by converting the outer surface of paper 
into amyloid (226), a process imparting toughness to it. 

The nUrocelluloses are of great technical importance. Cotton-wool is 
transformed by the combined action of nitric acid and sulphuric acid into 
a mixture of mononitro fllulose, dinitrocellidose, and trinitrocelhdose, the 
extent of the nitration being dependent on the concentration of the acids 
and the duration of the process. Cellulose is assumed arbitrarily to have 
the molecular formula CgHioO*. 

The solution in a mixture of alcohol and ether of inononitrocellulose and 
dinitrocellulose is known as collodion. On evaporation it leaves an elastic 
skin, and it is employed in photography and in the manufacture of celluloid. 
Trinitrocellulose is guncotton, a substance resembling cotton-wool in 
appearance, but fetJing somewhat rough to the touch. It is employed 
extensively as an (jxplosive. On ignition a loose tuft burns readily, but it 
can be exploded by the detonation of a small proportion of mercuric fulmin- 
ate, yielding only the gaseous products nitrogen, hydrogen, water-vapour, 
carbon monoxide, and carbon dioxide. It exerts a detonating or brisant 
(154) action, and without modification is unsuitable for artillery use. 

Solution of guncotton in acetone or ethyl acetate gives a gelatinous 
ma.ss, converted by removal of the solvent into an amorphous transparent 
substance with the same elKunical cornixjsition as guncotton, but burning 
and exj^loding more slowly. This method of moderating the velocity of 
explosion of guncotton makes it available in this form for artillery purposes 
under the name “smokeless pf)wder.'’ 

Artificial silk is manufactured by forcing a solution of cellulose through 
very narrow orifices immersed in a bath- capable of reprecij)itating the 
cellulose in lustrous threads resembling silk in apjwarance. Photographic 
film is made similarly, the orifices being replaced by a narrow slot. 

On the manufacturing scale the cellulose is brought into solution by one 
of four processes: (1) by means of Schweitzer’s reagent (226); ( 2 ) by 
preliminary nitration to mononitrocellulose and dinitrocellulose, and solu- 
tion of these nitro-compounds in alcohol and ether, the threads being 
denitrified subse(iuently by the action of various reducers: ( 3 ) by con- 
version of the cellulose into a xanthate (264), a very thick liquid termed 
viscose being formed; ( 4 ) by transformation of cellulose into its triacetate 
by means of acetic anhydride, the triacetate being soluble in acetone. To 
coagulate the fibres, the solution obtained by the first method is pressed 
out into dilute acid; that produced by the s(‘cond method into a large 
proportion of water; and that fonned by the third method into a solution 
of ammonium sulphate or of dilute sulphuric acid. 
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229. Very few amtno-aMehydeit and amino-ketones are known. One 
of the most important is chitin. Apart from inorganic substances, it is 
the principal constituent of the shells of the Crustacea, and is prepared 
either from the shell and claws of the lobster, or better from the shell 
of the shrimp. (Chitin is also found in the vegetable kingdom, chiefly 
in the cell-walls of fungi. 

When chitin is boiled with a concentrated solution of an alkali-metal 
hydro.xide, it is decomposed with formation of acetic acid and a basic 
substance termed chitosan. A concentrated solution of hydrogen chlo- 
ride converts chitosan almost completely into glucosamine hydrochloride, 
C(iHi305N,HCl, a substance obtainable in well-defined crystals. The 
acetic acid and glucosamine are formed in equivalent proportions. 
When brought into contact with nitrous acid, glucosamine evolves 
nitrogen after the marmer of primary amines and acid amides, an aldose 
being produced. This reaction indicates the probability of the acetyl- 
group being united with the nitrogen of an amide. C^hitin can be 
regarded as a polymeride of an acetylaminoglucose, and as constituting 
a link between the proteins and cellulose. 
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Glyoxylic Acid, COOH.CQ+H2O. 

230. Olyoxylic acid is the first member of the scries of aldehydo- 
acids. It is present in unripe fruits, and can be prepared by heating 
dibromoacetic acid, CHBr2*COOH, with water, or by the electro- 
reduction of oxalic acid. It is also a product of the oxidation of alcohol 
with nitric acid by the method described under glyoxal (198). 

As its formula indicates, glyoxylic acid contains one molecule of 
water, and this constituent cannot be separated from the acid or from 
its salts without their decomposition. For this reason the water often 
is assumed to be in chemical combination (149) as represented by the 
formula CII(OH)2*COOH, analogous to that of chloral hydrate (201). 

In each of these substances the aldehydo-group, — Cq, is under the influ- 
ence of a strongly negative group; — CC'ls in chloral, and — COOH in 
glyoxylic acid. The acid also possesses all the properties characteristic 
of aldehydes, reducing an animoniacal silver solution, forming <an 
addition-product with sodium hydrogen sulphite, yielding an oxime, etc. 
Boiling with potassium hydroxide converts it into glycollic acid and 
oxalic acid, their formation being explicable by assuming one molecule 
of the acid to take up the two hydrogen atoms and another the oxygen 
atom from one molecule of water: 

2COOII-CHO -» C00H-CH20II+C00II-C00H. 


Pyruvic Acid, CHs-C^O-COOH. 

231. Pynmc (pyroracemic) acid, the first member of the series of 
ketonic acids, owes its second name to its formation by the distillation 
of either tartaric acid or ra(!emic acid with potassium hydrogen sulphate. 
Probably carbon dioxide is eliminated first from tartaric acid, 


COOH • CHOH • CIIOH • C^OOH, 
283 
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with formation of glycoric acid, CH20H*CH0H*C00H, and this 
derivative yields pyruvic acid by the loss of one molecule of water, 
for glyceric acid is converted into pyruvic acid by heating with potas- 
sium hydrogen sulphate: 

CH 2 OH . CHOH . COOH - H 2 O = 


= CH2=C(0H) . COOH -> CH;, . CO • COOH. 


Pyruvic acid can be obtaine<l synthetically by hydrolysis of the carlx)- 
nitrile formed by the actifin of potassium cyanide on acetyl chloride: 

('H.3-('0C1 CTI.'j-C'O-CN -> C^Ha-CO.f ’OoH. 

This type of reaction afTf)rds a general method for the preparation of 
1 -ketonic acids. 

At 150° dilute sulphuric acid converts i)yruvic acid into carbon 
dioxide and acetaldehyde: 

CHa-CO- 1 C 07 ,H = CHa-cJJ+CO^. 

At the ordinary temperature pyruvic acid is liquid, but it is solid at 
a low temperature. It melts at 9°, boils at 165°, and is miscible with 
water in all proportions. At 20 ° its density is 1-27. It has an odour 
resembling that of acetic acid. It is a stronger acid than propionic 
acid with lO'^A: equal to 0*134; for pyruvic acid 10 'fc is 56, a difference 
explicable by assuming the presence of a negative carbonyl-group in 
juxtaposition to the carboxyl-group. 

Pyruvic acid has all the properties charactcjristic of ketones, yielding 
an oxime, a hydrazone, an addition-product with hydrogen cyanide, 
and so on. 

Addition of boric acid to an a(]ueoiis solution of p 3 Tnivic acid causes a 
marked rise in the value of the electric conductivity of the organic acid. 
This phenomenon is characteristic of 1-hydroxy-acids (180), and indicates 
each molecule of pyruvic acid to b(' in union with one molecule of water, in 
accordance with the structural formula CH 3 *C(OH) 2 *COOH. 

Acetoacetic Acid, CHa* CO* 0112 * COOH. 

232 . Acetoacetic add is a 2-ketonic acid. It is not of much impor- 
tance, but its ester ethyl acetoacetate, CH.3 • CO *CH2* 00002115, is an 
interesting compound. 

Ethyl acetoacetate is obtained by Claisen's condensation-method 
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(200) through the action of sodium on ethyl acetate in presence of ethyl 
alcohol: 

/ONa H 

CH3.(^( 0(W6+H C-C00C2H6 = 

^.OCaHs H 

i i 

Addition-product 

^ONa 

= 2C2H50H+(:H;, . C=C:H- COOC2H5. 

Ethyl sodioacotoacetate 


Ethyl acctato 


This explanation of the condensation was proved by Cuaisen to be 
correct. lie demonstrated tlie impossibility of preparing ethyl aceto- 
ai^etate by the action of sodium on ethyl acetate purified from alcohol. 
The free ester, CH3 *(X)-CH 2*CX)()C2TT5, can be obtained from the 
sodium compound by ac<‘tic acid, for in the substitution of sodium by 
hydrogen the group — C(OII);(Tr — is formed first, and is transposed 
subsecpiently into — CO -(’Ho — (131). 

Ethyl acetoacetab' is a colourless liquid, slightly soluble in water, and 
characterized by an agrc'eable odour. It boils at 181°, and at 15° has 
the density 1 • 030. It can be hydrolyzed in two ways, known on account 
of the nature of the products as the ketotic (hromjtosition {weak hydrol- 
ysis) and the acid decomposition (strong hydrolysis) . 

The ketone decomposition is effected by heating ethjd acetoacetate 
with dilute sulphuric acid, or with a dilute aqueous solution of alkali, 
the products being acetone, carbon dioxide, and alcohol : 


CH3.CO-CT12* 

+H 


ClOo 


= CII3. C(). CIE+COo+CWsOTI. 


The acid decomposition is induced by heating ethyl acetoacetate 
with a very concentrated solution of alcoholic potash or soda: 


Clla-CO. 

+OH 


CH2-COO 

H+H 


CoHr, 

OH 


= C‘OOH+CIl3 . C’OOH+CaHiiOH. 


The great importance of ethyl acetoacetate for synthesis arises from 
its capability of undergoing these two decompositions, and from the 
existence of a great many derivatives with one or two of the hydrogen 
atoms of the methylene-group, — CH2 — , replaced by substituents. 
Exchange of one or two hydrogen atoms for one or two groups R gives 
the compound 


CH3-CO.CHR.COOC2H5 or CHs-COCRa-COOCzHs, 
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convertible by the ketone decomposition into the ketone 

CHs-CO.CHaR or CH3-COCHR2, 

a reaction affording a general method of synthesizing methylketones 

(loi). 

The acid decoiiipf)sition transforms the compounds 
CHa-CO-CHR-COOCaHj and CH.vC().CR2-COOC2H5 
into acetic acid and an Jicid witii cither the formula 
CH2R-C()0H or CnR 2 C()()Tr, 

the reaction furnishing a general method for the synthesis of mono- 
basic acids. 

The formation of such derivatives of ethyl acctoacetate invf)lves 
the preliminary interaction of sodium ethoxide and the ester fo form a 
sodium compound, (’H.T('!(ONa):('H*(X)OC 2 Hr) (235). Addition of an 
organic halide, R*X, X representing a halogen atom, gives the product 

ONa H 

CH3 • C C . C0()C2H.5. 

X R 

Elimination of sodium halide, NaX, from this substance yields the com- 
pound CH3 • CO ♦CHR -00002115, the hydrogen atom of its OIIR-group 
being capable of analogous replacement. 

233. A few oxatnpl(is of this synthetic method are appended. 

1 . .\f ethyhumylkelove or vn<lecanone- 2 , the princijial constituent of oil 
of rue (from Rutn graveolens), can be obtained by tlic action of n-octyl 
iodide on ethyl sodioacetoacetato : 

CH4- C(ONa) : CH- COOC JR CIR- tX)- CH- COOC.H5 

+ —^1 
I— CJI.7 C,H„ 

By the ketone decomposition it yields mcthylnonylketone, 


CHa-CX^-CfR-C.H,,. 


By the acid decomposition ethyl n-octylacetoacetate gives capric acid, 
CivH2n02, indicating the presence in this acid of a normal carbon chain 

(* 37 ). 
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2. Heptylic acid is ol>tainable from laBvuIose by the cyanohydrin- 
synthesis (209), but can be built up synthetically from ethyl acetoacetate 
by the successive introduction of a methyl-group and a n-butyl-group, a 
reaction proving it to be melhyl-n-hutylacetic acid: 


CII,- C(ONa) : CH • 

+ 

I— C 4 H, 


-»CH3-C0-CH 


yCOOC^H 


5 


Kthyl n-butylttoetoaoettitc 


CH,- C(( )Nii) : C 

I V 4IIS 

I— CH., 


CJL 


/COOCjH* 
■C()-C( C 4 H, 


Kt hyl met hyl-zt-but ylacetoaeetate 


By the acid doconijiosition ethyl m(‘thyl-//-l)utylacetoacetate yields methyl- 
«-butylacetic or hcxanecarboxylic-2 acid, 


/COOH 


3. 3-K('toni(! acids are obtainc'tl by the action of (»thyl acetoacetate on 
the esters of the l-halog«“ii-sul)stituted fatty acids, followed by the kebme 
decomposition : 


cur,- C(()Na) ; CH - C'OOC .H, 

+ 

X-CHH-C’OOCUlIi 


/COOCJIc. 

-('Hi-CO-CIK' 

xuiir-(U)oc,ii5 


liy the k(‘ton<* d('cotn])ositioii this derivative gives 

CHa-CO-CUr.-CHR-CXKHI, 

:i 2 I 


4. The action of iodine on ethvi sodioacetoacetate unites two molecules: 


CH, - C(ONa) : CH - COOC,H, 

+ 

21 

+ 

CH,- C(ONa) : CH- COOCsH* 


CH,-0 




ONa 


CH, 


\l 


-CH-COOCJT, 




ONa 


-cn-cooc,H, 
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P^limination of two molecules of sodium iodide converts this compound 
into diethyl diaciiyhuccinate, 


CII, . CO . CII CH . CO . CHs 

! I 

C00C2H5 coocais 

Boiling diethyl diacetylsuccinate with a twenty iier cent, solution of 
potassium carbonate 3 ucld.s carbon dioxide, ethj'l alcohol, and aceUmylace- 
to 7 w (200) : 


CH,.CO.CII— CII-CO-CH, 


1 

H 1 H 




C.H., 

OH 

CH. . CO . CHj . CIL . CO • CH,. 

Acetonylacctone 

t)H 



Butanone-2-carboxylic-i or Laevulic Acid, CH3‘CO*CH2‘CH2*COOH. 

234. Laevulic add is the simplest 3-kctonic acid. It can be obtained 
from ethyl acctoacetatc; by the action of ethyl monochloroacetate in 
accordance with the synthetic method described in 233, 3 , the sj’mbol R 
in the formula representing one atom of hj'drogcn. When hexoscs are 
boiled with concentrated hydrochloric acid, la?vulic acid is produced 
(210). Usually it is prepared by this method, although hitherto its 
mechanism has not been explained fully. 

Laevulic acid is crystalline, melts at 33 * 5 °, and boils with slight 
decomposition at 250 °. It exhibils all the reactions characteristic of 
ketones, yielding an oxime and a hj'drazonc, and an addition-product 
with hydrogen cyanide. 


Mesoxalic Acid, C»Il 205 ,H 20 . 

Mesoxalic add is a type of the dihatiic ketonic adds. Its constitution 
is proved through the ha'ination of ethyl mesoxnlate by boiling <iicthyl 
dibromomalonatc, Br2C(L'0(K'2n.'i)2, with barium-hj'droxide solution: 

(CgHsOOQat ■ iBr2+R^ (011)2 = (f ^TUOt >( l-2(^ '(OJ 1 ) 2 + BaBra. 

Mesoxalic aci<l is an important decomposition-product of uric acitl. 
Like glyoxylic acid (230), it can be obtained only with one molecule of 
water; although an ester of the anh^'drous acid is known, and adds 
water very readily. In consequence, the constitution (CX)OII)2C(OiI)2 
must be assigned to the free acid (149). It has most of the properties 
of ketones, just as chloral hydrate (20X) and glyoxylic acid display 
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most of the reactions of aldehydes. Boiling mesoxalic acid with water 
eliminates carbon dioxide and forms glyoxylic acid: 


(’()2jll (XOH)2-COOFr. 

Such a decomposition of a compound containing a carbon atom loaded 
with four negative groups 'hould occasion no surprise. The correspond- 
ing cliange is effected loss readily with malonic acid, for it does not lose 
carbon dioxide until In'ated above its melting-point, a temperature 
between 140° and 1.50°. 


TAUTOMERISM. 

235 . The convt^rsion of (‘thyl acctoacetate into its sodimn deriva- 
tive, and th(! interaction of this substance with an alkyl iodide, yield 
derivatives with the introduced alkyl-group undoubtedly in imion with 
a carbon atom ( 232 ). Sometimes the reaction proceeds differently, 
the metallic atom of the sodium derivative being replaced by a sub- 
stituent attached to the molecule through oxygen. An example is 
furnished by the intera(!tion of ethyl sodiocetoacctate and ethyl chloro- 
carbonat(i ( 263 ), two compounds being formed. The one produced in 
smaller proportion is the carbon (hirivative: 

ONa ONa 

CII 3 • ( ’ : ( 'IT • ( ’0( XVIr, ^ Clh, • C CH • COOC^aHs = 

(’l-CXKKVdls Cl COOC2H5 

('OOC'alTs 

= CH;rC()CH +NaCl. 

COOCalls 

The identity of this product with that formed by the interaction of 
acetyl chloride and diethyl sodiomalonatc proves its constitution: 

Cn3-CO[C^Na| •CH((^OOC2n5)2 ^ CHa- CO -011(000(^15)2. 
The main product is an isomeride, the oxygen derivative: 

CHs • O(ONa) : CH • COOO2H5 OH3 • O : OH • ( ^OOCsHs 

-f = I +Na01. 

Cl— OOOO2H5 O-COOOaHs 

The presence of a double carbon bond in the molecule is proved by the 
instantaneous formation of an addition-product with bromine. 
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The mechanism of the interaction of ethyl chlorocarbonate and 
sodioaeetylacetone is exactly analogous, the carbon derivative being 
produced in small proportion: 


CII3 • eXONa) : C’H • ( O • CH3 CII3 • CO • ( T 1 • CIO • CH3 

+ — ^ I • 

Cl— COOC2TI5 COOC2II5 


The constitution of this compound follows from il« ready decomposition 
into potjissium acetate and ethyl aceloacetatc by heating with an 
equimolccular proportion of potassium hydroxide: 


H- OK 

+ 

CH3 • CO • CH • COj^'Fhj = ('Ha • CO • CH2 • ( 'OCX VIIs+CHs ('OOK. 

1 Kfhyl arrtfia,c(*tti(o Pfjtfissiiim 


(:ooa>ii5 


iifctatc 


The oxygen derival iv(*, however, is lh(‘ principal product: 

CHa • C(ONa) ; ( HI • CO • CHa ( 'IT3 • C : CH • CO • ( HT3 

+ = I +NaCl. 

Cl— COOC2H5 O • COOC2II5 

Its formula is proved 1)3' the rtiudy formation of an addition-protluct 
with bromiru*, and its decomposition into acotylacelone, ethyl alcohol, 
and carbon dioxide by dilute alkalis at the ordinary temperature: 

CHa-CzCII-CO-CIIa 

()• fei^eWs =CH3-C(OH):CIT-CO-CHa+C2lIf,-OH+C(>2. 

~ Aretylacctonc 

ir 

The interaction of «;lhyl acctoacetate and acid chloridi's can be con- 
trolled so as to produce either a carbon derivative or an oxygen deriva- 
tive. By the usual method of preparing ethyl sodioacetoacetate first, 
and then bringing it into contact with the acid chloride, a carbon 
derivative is produced. In contrast, slow addition of the acid chloride 
to a solution of ethyl acctoacetate in pyridine (387) gives only the 
oxygen derivative: 

CHs • CO • CH . COOC2H5 CH3 • C=CH . C'00C2H6 

I ; I 

CO CHa O- CO CHa 

Carbon derivative Oxygen derivative 

(Does not give an addition-product (Gives an addition-product 

with bromine) with bromine) 



§ 236 ] 


TATJTOMERISM 


291 


Similar equivocal reactions have been observed for many com- 
pounds with the grouping — CO • CH2 • CO — . Formerly the production 
of a carbon derivative wjis b(*]icved to bo occasioned by diretit attach- 
ment of the sodium atom to carbon, — CO*CHNa‘CO — , aiul that of 
the oxygen derivative by <lircct union of 1h(? sodium atom with oxygen, 
— C(ONa):CH'CO — . Accordingly, compounds of this type were 
assumed to undergo co’ ‘inual alternalion between the groupings 
— CO • CH2 • CO — and — C (OH) : CH • CO — . The phenomenon received 
the name tautonu^isrn or denmotropy. 

Although later investigation detailed in the sequel proved the metal- 
lic atom in the sodium compounds to be in union with oxygen, it also 
demonstrated the li(iuid derivatives such as ethyl acet{)acetatc to be a 
mixture of two isomerides of the type indicated, each being transformed 
very readily into the isomeric compound. This view is based on the 
direct isolation of the tautomeric forms. 

Ethyl acetoacetatc is the classic example of a tautomeric substance. 
By cooling it to a low temperature, Knoru isolateil the ketonic form, 
CIl3-CO*CIl2'COOC2H.5, in crystals melting at — 39 °. By the action 
of an equivalent quantity of anhydrous hydrogen chloride on a suspen- 
sion of ethyl sodioacetoaeetate in well-cooled light petroleum, followed 
by filtration of the sodium chloride and evaporation of the solvent at a 
low temperature, Knouu isolated the enolic form 

( ’H3 • (J(OII) :CH • COOC’oHs, 

a substance requiring for solidification tla* refrigerating action of liquid 
air. This separation ja’oves the sodium derivative to have the enolic 
structure. 

More recently it has Ihhui found po.ssibIc to sejiaratc the two tauto- 
merides by fractional distillation in vncuu, a quartz flask Ix'ing employed 
to obviate enolization arising through the influence of the alkali present in 
glass. 


236. The ketonic form and the enolic form of a tautomeric sub- 
stance admit of ready identification by both physical and chemical 
means. The most imi)ortant physical method is furnished by refrac- 
tion, the presence of a double carbon bond in the enolic form and its 
absence from the ketonic form making the refraction of the enolic com- 
pound higher than that of the ketonic compound (120). By the aid of 
(his physical property, the proportion of the two isomerides present in a 
liquid mixture can be determined, provided the refraction of each com- 
ponent in the pure state is known. 
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Two main chemical methods of distinguishing the two forms are 
available : 

1. Addition of a small proportion of ferric chloride to a dilute 
aqueous or alcoholic solution of an cnolic compound produces a deep 
coloration, usually violet; but ketonic derivatives remain colourless. 

2. The action of bromine on an alcoholic solution, Kurt II. Meyer 
having discovered that in this solution enolic compounds form addition- 
products with bromine instantaneously, but that ketonic compounds 
do not. The method was applied by him to determine the proportion 
of the enolic form present in a tautomeric mixture. 

The introduction of alkyl-Kroufw into diethyl inalonatc also being 
effected by means of the sodium derivative, it is reasonable to anticiimte 
complete analogy between the mechanism of that reaction and that char- 
acteristic of ethyl acetoacetate. The bromine-method afforck’ confirma- 
tion of the accuracy of tins assumption, and indicates diethyl monosodio- 
malonatc to have the tautomeric formula 

C2H500C.CII:C<®2't, . 

Interaction of this substance and an alkyl halide first yields an addition- 
product of the formula 

a 


/ON 

CJLOOC.CII.C^X 

R 


X representing a halogen atom, and R an alkyl-radical. Elimination of 
sodium halide from this compound produces the diethyl alkylmalonatc. 

These aids can be applied to the elucidation of the conditions gov- 
erning the ketonization of an enolic compound, and the inverse enoliza- 
Uon of a ketonic compound. The nature of the solvent is of primaiy 
importance. For ethyl acetoacetate in the liquid state the equilibrium 
between the two forms corresponds with a small percentage of the 
enolic derivative, and about 90 per cent, of the ketonic form. The 
subjoined table indicates the percentage of the enolic form of ethyl 
acetoacetate in various solvents at 18°, the amounts being determined 
by titration with bromine. 


Solvent. 

Percentage of 
Enolic Form. 

Solvent. 

Percentage of 
Enolic Form. 

Mcthvl alcohol 

Kthyl alcohol 

6.0 

12-0 

Methyl alcohol (50 jxjr 
cent) 

1.6 

Amvl alc^ohol 

15.3 

Ether 

27.1 

Water 

0.4 

!i 

Carbon diHulphide 

32*4 


Hexane j 

46*4 
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For liquid ethyl acetoacotato the temperature has little influence on 
the equilibrium, but the freshly-distilled product contains between 
20 and 25 jxt cent, of the enolic form, and becomes transformed slowly 
into the ketonic modification. There are other instances of rise of 
ternperatun' causing displacement of the equilibrium towards the enolic 
side, although usually not to any great, extent. 

The velocity of transiation of each form can be determined by 
starting with the pure modifications, and noting the proportion of each 
component present after the lapse of known intervals of lime. The 
velocity-constant of the ketonization of ethyl acetoacetate has been 
proved to be much greater than that of the; enolizalion. Different 
taxitomeric comi)ounds generally exliibit wide divergence in the velocity 
of transforrnatiim in either direction. 

A <iiiulitalivc dciiioiisf ration of Ihc transforinaliori of the enolic form of 
ethyl acetoacetate into (he ketonic modification can l)e made by adding an 
cqnivakmt amount of hydrogen chloride to a dilute atiueous solution of 
ethyl sodioacetoacetatc. 'Flic enolic form separates in fine drops, its 
solubility in water at 0° being about 0".5 per cent, tawing to transforma- 
tion of the enolic form into the ketonic! rnodificatiotj, the drops gradually 
dissolve, the solubility of the ketonic derivative in water at 0® being about 
1 1 iXT cent. 

Enolic compounds dissolve* instantly in caustic alkali; but ketonic 
compounds do not, their solution proceeding slowly as they change to 
the enolic form. On subse<iuent addition of acid, initially the enolic 
modification is obtained, but not the ketonic component. 

Tautomerism of Oximes. 

237. The structural formula, ||',>C=X 01 I, has been assigraxl to the 

oximes (103). The a«-tion of hyilroxylamine on aldehydes and ketones 
admits of anotlu'r explanation, indicated in the scheme 

IKX /() 

>COH- >Nn = ii»o-i->c< 1 . 

IK ^NH 

Experiments ilirected to i<lentifying the correct formula haA'e proved 
the oximes to be tautomeric in the sense of the* scheme 

>c=x()ii ^ >c<; I . 

^NH 
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The following; procedure exemplifies the method. During the inter- 
action of acetoximo and methyl iodide, the methyl-group unites with nitro- 
gen, as is proved by reduction of the product to mothylaminc and acetone: 

(CH,)2C< I +2H = (CH,),C0+NH2.CH,. 

\n-ch, 

Addition of sodium methoxide to a mixture of methyl iodide and the oxime 
is attended by the preliminary formation of the sodium derivative of the 
ketoxime, and later by production of an isomeric substance convertible by 
hydrogen chloride into acetone and a compound, NHi'OCHs. Heating 
with hydrogen iodide transforms this derivative into hydroxylamine and 
methyl iodide, proving its methyl-group to be in union with oxygen. 


PYRONE DERIVATIVES. 

238. Certain compounds assumo<l to contain the group 

(^O 

/\ 

HC CH 

II II 

HC CH 
O 

are known. They arc termed ■pyrone derivatives, and some of them are 
natural products. 

An important pyronc derivative is dimethyljryrone: 

^CU==C%Clh 

a) . 

\f?H=C.CIl3 

It can be synthesized from ethyl copper-acetoacctate and carbonyl 
chloride (263): 

CHa-CO C’O.CHs CH3CO CO.CH3 

HC— Cu— CH =CuCl2+HCX^^^yCII 

C2H6OOC + CI2 COOC2H.5 C2H6OOC \: 00 C 2 H 6 

CO 

Saponification with dilute sulphuric acid eliminates two molecules of car- 
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bon dioxide from the molecule simultaneously, and should yield a 
compound of the formula 

(’II.j.CO ('O-fTI:, 


The tautomeride, 


I MV yCIh 

no on 
\ 

CHa-C C-CIIa 


H-C 


C-H 


O 

however, is formed, and loses one molecule of water with production of 
dimethylpyronc. 

239. Dimethylpyrone is characterized by its ability to form with 
acids addition-products of the type of salts. These “salts ” are formed 
by dissolving dimethylpyrone in an aqueous solution of hydrogen 
chloride, oxalic acid, etc., and arc obtained in a crystalline form bj"^ the 
spontaneous evaporation of the solutions. By dissolving them in a 
large proportion of water, they are hydrolyzed completely. Collie 
and Tickle, the discoverers of these compounds, assume the quadri- 
valency of the oxygen atom closing the carbon chain, thus attributing to 
dimethylpyrone hydrochloride the stmeture 

^CH=C.CH3 
(%OH ^O-Cl. 

C.CTI3 


This inode of expressing the constitiilioii of dimethylpyrone ha&been 

adopted instead of the earlier formula CC)C4H2(CH») »> 0 < von Baeyeu 

having proved the addition-product of dimethylpyrone witli methyl iodide 
to have formula I, and not formula II, his proof being based on the con- 
version of the addition-]n*oduct by the action of ammonia into methoxy* 


lutidine (389), foniiulutcd in III: 

cm T 
\/ 

o.i 0 

N 




CH,.C C-CH, 

CH,.C C-CH, 

CH,.C C.CH 

II 1 

II II 

II 1 

HC CH 

HC CH 

HC CH 




C.OCH, 

CO 

C-OCH, 

I. 

II. 

III. 
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On account of their analogy to I he ammonium salts these compounds 
have been named oxoniuni an Its. They are to be regartled as true salts 
or electrolytes, because they possess all the propcirties characteristic of 
the salts formed by \v(‘ak i)ast's with strong acitls, their aejneous scjIu- 
tions being strongly acidic in i-eaction in eonseciuence of extensive 
hydrolytic dissociation, their ('lecjtric conductivities in solution being 
almost equal to those of the free acid, and so on. 

The power of forming oxonium .salts does not seem to be limited to 
dimcthylpyrone and analogous compounds, von IBAKrKit and Villioeu 
have demonstrated the ability of oxygen-containing compounds belong- 
ing to various classes of organic bodies, such as alcohols, aldehydes, 
esters, and other substances, to yield crystalline derivatives with com- 
plex acids, such as hydroferrocyanic aci<l. It is possible, though not 
fully established, that the.se substances arc oxonium salts. 

WiLLST.\TTEn proved the nnthocyanim, the colouring principles of 
many plants, to be oxonium salts (346). 



AMmO-ACIDS. 


240. The amino-acids contain one or mo**e amino-groups in direct 
union with carbon. They are of physiological importance, many being 
dccoin posit ion-pro(lu(^ts of proteins, and some being natural products. 
They arc synthesized by s()vei'al nu'thods. 

1. By the action of the halogen-substituted fatty acids on ammonia, 
a method analogous to the formation of amines: 


1I2N |ii+n| H.t ^ • (;oon = 1I2N • (:h2 • cooh+ hci. 


2. By the reduction of o.xiines Avith sodium amalgam : 


R.C(x\OH) .(X)()rT+ 111 = H -011^12 •COOFH-II2O. 


This reaction furnishes a method of converting kctonic acids into amino- 
acids. 

3. 1-Amino-acids are fornu'd bj”^ tlie action of ammonia on the 
cyanohydrins of aldehydes or ketones, and subsctpient hydrolysis of 
the cyano-group (Strkcker) : 


yU /H 

Clla-C'/ -I-NH3,- 

^0 \CN 

Acetaldehyde luaetonitrile 

Al Al 

CIl3-( VNII 2 -> CIIa-r^NH. . 

\('X \COOH 


A lam lie nitrile 


Alanine 


Most of the amino-acids CI^^stallize well, and dissolve readily in 
water; but they are citluir insoluble or only slightly soluble in alcohol 
or ether. Many of the 1-amino-acids have a sweet taste, but the 
dibasic acids arc sour. Most of the.se acids have a high melting-point 
in the neighbourhood of 200°, a phenomenon perhaps explicable by the 
formation of inner salts corresponding with the fonnula (compare 
betaine, 242) 

R-CIl — Vi) R.C-COOH 

I I instead of | , . 

NUa— O NHo 

Their copper salts are noteworthy, and are prepaied by boiling 
aqueous solutions of the acids with copper carbonate. As they are not 
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readily soluble, these salts separate from their cooled solutions in beau- 
tiful crystals with an intense blue colour. In aqueous solution they 
are not characterized by the possession of all the properties of copper 
ions. This fact and their dark-violet colour indicate their copper to 
be in comple.\ union. Aqueous solutions of many amino-acids give 
with ferric chloride an intense red coloration. 

The amim)-acids possess two opposed characteristics, for they form 
salts with bolh bases and acids, and are therefore both basic and acidic 
simultaneously. 

Replacement of the hydrogen of the amino-group by radicals yields 
amino-acids of a more complc.x character, exemplified by their yielding 
with acid chlorides an acid amide having one hydrogen atom of the 
amino-group replaced, a reaction recalling the behaviour of ammonia: 

11- CO [ci+li] HN • CHa • ( JOOH = R- CO - NH • ( TI. • COOH-|-HC’l. 


Compounds of this kind are therefore both amino-acids anti acid amides. 

Amino-acids with the hydrogtm of the amino-group replaced by 
alkyl-groups are known also. They are obtained by the action of 
amines, instead of ammonia, on the halogen-substituted acids: 


(CaOaN H-fCl H2 C.COOII=(CH:j)2N.C’H2.COOH-|-HC1. 


The amino-acids undergo most of the decompositions characteristic 
of amines, giving with nitrous aciti hydroxy-acids, just as the amines 
yield alcohols. 

241. Like those of the halogen-substituted acids and hydroxy-acids 
(176 and 180), the properties of the amino-acids depend on the position 
of the characteristic amino-group relative to the carboxyl-group. The 
1-amino-acids readily yield anhydrides (acid amides) by the elimination 
of two molecules of water from two molecules of acid: 


CH2-NHrH H^OC 

I ' ' =2H2()+ 


CO |OH H] HNCH 2 


CH 2 NH.OC 

1 I 

CO HNCH 2 . 


The 2-amino-acids easily lose ammonia, with fonnation of unsatu- 
rated acids, 2-aminopropionic acid, obtained from 2-iodopropionic acid, 
being converted by heat into acrylic acid and ammonia: 


f N hTI cHz CH [h] • COOH = NHa-l-C^IIs; CH- ( 'OOH. 

Like the S-hydroxy-acids, the 3-amino-acids yield inner anhydrides. 

On account of their similarity to the lactones, these substances are 
termed lactams: 
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CH2CH2CH2CO CH2CH2CH2CO 

I _ 1 =H 20 +| 

NHl H OH I NH — 

3-Aininobuiyric acid Lactam of 3-amiiiobutyric acid 

Emil Fischer demonstrated the possibility of obtaining the esters of 
amino-adds by the ordinary method, dissolving the acids in absolute 
alcohol and passing gase(' s hydrogen chloride into this solution (91). 
Hydrochlorides are the primary products, the arnino-group in these 
esters retaining its basic character, as is exemplified by the ethyl ester of 
glycine hydrochloride, C2H500C%CJH2'NH2,HC1. The esters are pre- 
pared by the action of concentrated potassium hydroxide at a low 
temperature on aqueous solutions of the hydrochlorides, and imme- 
diate extraction with ether. Emil Fischer found these esters well 
adapted fbr the purification and separation of amino-acids, for they 
can be distilled in a high vacuum. This fact is of great importance 
in the chemistry of proteins, these substance's being resolved into a 
mixture of such acids by (he action of acids or l)iis('.s. 


Individual Members. 


242. Glycine (glycocoll or aminoacetic acid), NH2'CH2*COOH, can 
be obtained by boiling glue with dilute sul])huric acid or with barium 
hydroxide. It owes the name “glycocoll ” to this method of formation 
and to its sweet taste {y\vKv s, sweet ; KoWa, glue) . It is prepared also 
from hippuric acid, a constituent of the urine of horses. Hippuric acid 
is glycine with one hydrogen atom of the amino-group replaced by 
benzoyl, C0H5CO, and it has the formula Cr.H5'CO"NH*CH2*COOH. 
Like all acid amides, it is (h‘compos(?d by boiling with dilute acids, with 
addition of the elements of water; 

CoHsCO- NH . CII2 • COOII = C0H5 • COOH-I-NH2 • CH2 • COOH. 

OH H Benzuir acid Glycine 

Hippuric arid 

A method well adapted for the preparation of glycine and its derivatives 
depends on the int«*raction of formaUlehyde, ammonium chloride, and 
potassium cyanide* iti w(*ll-cooled aqueous solution. Methyleneamino- 
acetonitrile, CHi:N'CHa*('N, crystallizes, being formed in accordance 
with the scheme 


yOII /Nil* 

CHsO-f-HCN=CH< ; +NH,-»CIl2< v 

< N:CH» 

. 

CN 
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On boiling the carbonitrile with an ahaiholic solution of hydrogen chloride, 
the cyano-group is exchanged for — COOCaHs, and the tnethene-group of 
— NiCHj l«'(!oines rei)laced by tw<i atoms of hydrogen, with j)roduction of 
the hydrochhtride of the ethyl c'ster of glycine: 

/N:CII, /NII2+IICI /NH,,nCl 

CII< 

\CN \COOC2II5 ^(’OOC^H. 

Glycine is a crystalline solid, and melts at 232° with decomposition. 
It is soluble in water very readily, and i.s insoluble in absolute alcohol. 
Like many amino-acids, it forms a w<dl-crystallized blue copper salt, 
soluble with difficulty in water, and obtained by boiling copper carbonate 
with a solution of glycine. This derivative ciystallizes with one mole- 
cule of water of crystallization, and has the formula 

(Nila • Clla* COO)2 Cu,H20. 

Betaine, C5H11O2N, is a d(>rivative of trimethylglycine. It is a 
constituent of the juice of the sugar-beet, and accumulates in the 
molasses during the manufacture of sugar. It is an inner ammonium 
salt , 

(CIDaN-CTTo-fX) 

I L^. 

o]ii c)iT] 

being obtained synthetically from trimethylamiiie by the action of 
monochloroacetic acid, with elimination of hydrogen chloride: 

(CTLdzN -{- Cl • CH2 • ( XIOI I = (( 'TDaN • ( TI2 • ( X) 

■ ' 6 . 

|ci ly 

This process is analogous to the interaction of alkyl halides and tertiary 
amines to form the salts of quaternary ammonium base's (63). 

Bcitainc yields large crystals with one molecule of water, cxptjlled 
at 100°, or absorbed in a sulphuric-acid desiccator. Heating decom- 
poses betaine, with formation of trimethylaminc. 

Many tertiary amines can be converted into substances with the 
constitution of inner salts of ammonium b?iscs, and analogous to that of 
betaine. These compounds are designated betaines. 

Alanine, or 1-aminopropionic acid, CH3-CH(NH2)*COOH, is pre- 
pared synthetically by the action of ammonia on 1-chloropropionic 
acid. 



§ 213 ] 


INDIVIDUAL MEMBERS 


301 


Leucine, or l-arninozsobutylacetic acid, 

(CH3)2CH. CIl2- CH(NH2) • COOH, 


accompanies glycine as a product of the decomposition of proteins by 
the action of acids or alkalis, or by putrefaction. It is obtained syn- 
thetically from tsovaleraldehydearnmonia by the action of hydrogen 
cyanide, and hydrolysis of the carbonitrilc: 


(CH.3)2Cn-CH2-C 


\ 


H 

oh+h|cn 

Nils 


rV5«V'iiI<Taldohydc*iimiii<»nia 


-> (CH3)2CH- C;H 2 - (^H(NH 2 ) • CO 2 H. 

L<*uc*ini* 


laoLeucine, or l-amino-2-mothylvaleric acid, 

CH- C’I1(NH2) • CX)OH, 


is also a decomposition-product of proteins. Its constitution is proved by 
s3'nfhesis. The aldehj'df' forinetl l)^’ o.xidation of tin* optically active 
amyl alcohol secondary but^dcarbinol jnclds by the method of 240, 3, 
an amino-acid identical with /saknicine. 

Fusel-oil is a by-product in alcoholic h'rment at ion (43). Fkhlich 
proved it not to be derived from tin* sugars, but from leucine and 
f.s-nlcucinc formed by d(!composition of the i)roteins ju’esent in the 
fermenting liquid. Tluise proteins are constituents of the grain, 
potatoes, and other material (‘mplo^’cd in the manufacture of alcohol. 
F<‘rme,ntation of sugar with a pure yeast-c.ultun^ in presence of leucine 
forms f.sobutylcarbinol as a by-product; with /.s-olcucinc it gives second- 
ary butylcarbinol. These two amyl alcohols are the principal con- 
stituents of fusel-oil (47). 


The general equation representing tlui mechauisru of the dccomiK)sition 
of amino-acids by j’^cast, or their alcoholic fermentation, is 


R . CII(N H2) • coon +H2O = R • CTI2OII +C() 2 -|-Nn,. 


The leucine obtained from pn^teins is optically activi*. Its formula 
contains an asymmetric carbon atom. 


243. A^mragine. is pK‘sent often in sprouting seeds, between 20 
and 30 per cent, in dried lupine-seetls. It is aminosuccinamic acid, 


C2H3(NH2)<ggg{f, 


for hydrolysis converts it into aminosuccinic 
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acid {aspartic acid), COOH*CH(NIl2)*CIl2'COOII. The structure of 
this derivative is inferred from its conversion into malic acid by the 
action of nitrous acid. Asparagine prepared from seeds is sometimes 
dextrorotatory, but is generally laevorotatory. The dextro-form is sweet, 
but the tevo-niodification is tasteless. 

Glutamine or glutamic arM is a constituent of the seeds of sprouting 
plants, and is homologous with asparagine. It is the amic acid (163) of 
1-aminoglutaric acid, C00H.(::H(NH2)-CH2'CH2'C00H. 

In addition to the monoainino-acids, dianiino-acids also are obtained 
by decomposing proteins with acids. Some of them merit description. 

Lysine, C(iHi402N2, is decomposed by putrefaction-bacilli with 
formation of 1 : 5-diarninopentane (159). It has the formula 

NH2-CH2- (CH2)3-CH<J?J5 jj, 
and is 1 : 5-diaminopentanccarboxylic-l acid. 

By synthesis Emil Fisc’Her .proved this formula to be correct. On 
bringing ethyl monosodioinalonate into contact with 3-chlorobutyronitrile, 
ethyl Z-cyanopro-pylmalonate is formed: 

(COOC JIO sCHXa-l-Cl • CHr CH*- CH*- CN -> 

liltbyl iiionosodiainaloimte 3-Chlorubutyraiiitrile 

(COOC Jlr.) ^CII- (CH2) • CN- 

Ktbyl Ji-cyanopropylmalonate 

Ethyl nitrite and sodium ethoxidc convert this ester by elimination of a 
carbethoxyl-group into the sodium salt of an oxiiru;: 

/COOC2IIS ^NOH 

NC • (CH2) • CH<( -> NC • (CIT2) , • Cf 

^COOC^H^ ^C00C*H6 

Oximu 

Reduction of this oxime with sodium and alcohol converts the NOIT-group 
into an amino-radical, and the cyano-group into CHsNHi, with formation 

of inactive lysine, (CH2)a-CH<!?^* . 

L/OOll 

Ornithine is the next lower homologue of lysine, and has the formula 
CsII.-^OaNa or NIIa-CHa-CHa-CHa-CHCNHal-COOH. Bacteria convert 
it into 1 :4-diaminobutane (159). Its structure is proved by Emil Fischer’s 
synthesis (349). 

THE WALDEN INVERSION AND THE MODE OF LINKING OF ATOMS. 

244. When one group attached to an> asymmetric carbon atom is 
replaced by another, it is impossible to predict the sign of the rotation of 
the new compound, it being sometimes the same as that of the original 
substance, and sometimes opposite to it. By a series of substitution.s, 
Walden transformed an optically active compound into its optical anti- 
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pode. Z-Chlorosuccinic acid was converted by the action of moist silver 
oxide into Z-malic acid, and this substance was transformed by means of 
phosphorus pentachloridc into d-chlorosuccinic acid. On the other hand, 
starting from d-chlorosuccinic acid, a similar operation yielded Z-chlorosuc- 
cinic acid. These changes are indicated in the cyclic scheme 


AgOH 

i-Chlorosuccinic ,cid >/-Malic acid. 


PCI5 


AgOH 

d-Malic acid< d-Chlorosuccinic acid. 


PCl6 


The following is another reaction-cycle, worked out by Emil Fjscheu: 


N013r 

d-Alaniii(i >/-Bromopropionic acid. 


NH3 


NII3 


NOBr 

d-Bromopropionic acid< /-Alanine. 


Here the transposition probably accompanied the replacement of the 
amino-group by bromine under the influence of nitrosyl bromide, and was 
not due to the action of ammonia, for with widi^Iy difTering experimental 
conditions the same product with a similar sign of rotation invariably was 
produced in the operation. Although d-alanine reacted with nitrosyl 
bromide to form /-bromopropionic xicid, under identical conditions its 
ester yielded d-bromopropionic acid. 

Renter discovered many other examples of the Walden inversion, and 
demonstrated the complex nature of the phenomenon. 


The conversion of an optically active eonipound into its optical 
isonioride nocossitaies an Interchange of position between two of the 
groups or atoms attached to the asymmetric carbon atom. Tor 
example, in Fig. 64 the transformation of I into II only requires B and 




Fig. 64.— Conversion op an Optically Active Substance into its Optical 

ISOMEUIDE. 



304 


AMINO-ACIDS 


[§244 


D to exchange positions. An experimental demonstration of this fact 
has been attained by the series of clianges indicated in the scheme 


Cslh 

II 



roNii2 

:ooH 


/CONH2 

11/ X^OOCHs 

/COOH 

it/ X^OOCHs 


CaHrx ./COOH 
rONH2’ 


X 

IK 


Altliougli there was no alteration of position, the group CONH2 was 
transformed into (*0()IJ, and (X)Oll into (^(INTTo. Th(‘ rotation of 
the initial ji/oduet proved to he opposite in sign to that of the final 
product. 

In Walokx’s inversion or in a raceinisjition tliere imis' he a true 
exeluuige of ]K)sition hetween two giY>ups. In accordance with the 
views of atomic linking hitherto accept (><1, this process could be possible 
onlj' through a momentary severanct* of the two groups from the asym- 
metric carbon atom, followed by a reunion at tlu; reverse positions, 
Tli(> transformation of maleic acid into fumaric acid and its reversal 
(171) also would involve either a nuanentary rupture of the double 
bond, followc'd by reunion of the residue's at the' reverse positions; or 
an exchange of position be'tween hydrogen and carboxyl would bo 
necessary. 

There is one verj' important objection to the acceptance of this 
view. Almost all reactions of tins type are quantitative, a result not 
to be anticipated in a process involving the niolecular disintegration 
at.tcndant on the scission of two groups from one carbon atom. 

The modern vi(jw of atomic structure hits eliminated this difficulty. 

Rlthkrfokd and Dona regard the atom as consisting of a po.sitiv(*ly- 
charged nucleu.s surrounded by negative electrons, and having a radius of 
the order of cm. These (.'lectrons move in concentric rings, or 

jxjssibly in ellipses, the radius c)f tlie out(irmost ring of electrons being 
about 10"* cm. (“Inorganic Chemistry,” 277). The number of electrons 
t)n th(! outermost ring is (aiual to (he valency of the atom, that for carbon 
being four. This relation has gained for them the name vaUm-cy-clectrmis. 

A single bond betwec'ti two atoms is originated by the severance of an 
electron from ('ach atom, these electrons de.scribing a circular path in a 
plane at right angles to tluj line uniting the nuclei. The centre of the circle 
is the point of intersection of this line and the plane, the line being therefore 
the axis of the circle. For a carbon atom in union with four atoms or 
groups the existence of four such electron-paths around the nucleus carrying 
the other electrons must be asssumed. 
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The theory thus outlined doe-s not demand a rupture of the bonds 
during an exchange of position by two groups, but only requires a simple 
transposition on the surface of the sphere of the valency-electrons and 
the attached atoms. It affords an explanation of the quantitative 
nature both of racemisation and of the conversion of a doubly-linked 
rw-form into the corresponding <ran.s-modification. 

This hypothesis also serves to explain the Walden inversion. The 
interaction of d-bromopropionic acid (I) and silver hydroxide can follow 
two diflfenjnt courses. One of them involves direct action on the bro- 
mine atom, and its replacement by the hydroxyl-group. The lactic 
acid formed has the same configuration as the bromopropionic acid, 
and there has been no inversion. Substitution of bromine for the 
hydroxyl-grouj) by the aid of phosphorus pentabromide or another 
reagent regenerates the original acid. 

In the other type of n^action, the moh'cuh; of silver hydroxide 
attacks that of the bromopropionic acid as indicated in T, the valency- 
electron of the silver atom penetrating l)<d,w<?en methyl, hydrogen, and 
carboxyl. After fission of the silver bromide, tlu* ntpulsion exerted by 
the valency-electron of the hydroxyl-group on tlu? vakmey-electrons of 
the other three groups cornpc^ls them to assume the po.sitions indicated 
in II. On replacing th(} hydroxyl-group by bromine by the aid of phos- 
phorus pentabromide or another reagtmt, a substanc(‘ of formula III 
is obtained. It is tlui optical antipode of I, as can be proved by rotating 
III through 180 °, the configuration produ(;ed being repn^sented by IV. 
In this instance a Walden inversion has taken place (Fig. 65 ) : 



Fia. 65 . — Warden’s Inversion. 

The tetrahedral grouping round tlie carbon atom follows from this 
hypothe.si.s, the positively-charged nuclei of the four atoms in union with 
the earlx)n atom repelling each other, but being maintained in their cir- 
cular orbits by the attraction of the nucleus. The tendency of these electrons 
must be to take up positions as far apart as possible. Location of them at 
the angles of a regular tetrahedron w-ith its centre coincident with that of 
the nucleus of the central carbon atom fulfils this condition. 

The strain-theory of von Habybk (120) possibly is explicable also by the 
mutual repulsion exerted by the electrons. 
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ETHYL DIAZOACETATE. 


245. CuHTius obtained a yc'llow oil of characteristic odour by the 
action of nitrous acid on the ethyl ester of glycine. This substance 
has the formula C’iHg02Ni>, and is exploded by heat. The method of 
its formation is indicated in the equation 


C2H5OOC • CTTa • NITad-IINOa = C2H5OOC • C 

Glycine ethyl ester 




-t"2H20. 


It is ethyl diazoacetate, and also is termed diazoacetic ester. 

I'lie .structural formula indicated is proved to Im* correct by numerous 
transformations. They can be classifi(‘d in three divisions. 

I. The first group includes the reactions involving the elimination 
of the diazo-nitrogen. As an example may be cited the conversion of 
ethyl diazoacetate into ethyl glycollate by the aid of dilute acids: 


(^aHsOOC.C 




H 

-i-6h=C2H500c- 



Breduj discovered this react i<)n to be accelerated greatly by the 
catalytic agency of hydrogen ions, and on this observation he based 
one of the best methods for the (Udcction and quantitative estimation 
of such ions. 

Concentrated hydrochloric acid yields analogously ethyl mono- 
chloroacetate, and iodine ethyl di-iodoacctatc. Organic acids produce 
acidylglycollic acid esters: 


II 

(^ll3-('()()-|- 



H 

CII;».COO 


>CTI-C00C2H5+N2. 


At a temi)erature close to its boiling-point ethyl diazoacctate loses 
all its nitrogen, with formation of ethyl fumarate: 

CH-COOCalla 
2N2CII • COOC2TI6 = 2N2-I- 11 

CH-COOC2H5 

II. In the second group of reactions the nitrogen is not evolved as 
gas, but one of the bonds l)etwecn the diazo-group and carbon is severed, 
with formation of pyrazole-derivatives (399). 

III. The third group comprises addition-reactions involving the 
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transformation of the double bond between the nitrogen atoms into a 
single bond. An example is the addition of hydrogen to foim hydrazino- 
acetic acid, a compound decomposed b 5 ' acids at the ordinary tem- 
perature into glyoxylic acid and a hydrazine salt; 

NH\ 

I >CH-C00H+H2SC .+n20 = N2H4,H2S04+CII0.C00ri. 

Nil/ 

llydrazinoaoetic acid Hydrazine Glyoxylic acid 

sulphate 


The hydrogen atom of <he CIlN 2 -group is replaceable by metals, 
sodium dissolving in ethyl tliazoacetate with evolution of hydrogen. 



PROTEINS. 


246. Proteins are compounds of groat importance in the animal and 
vegetable kingdoms, but of such complex structure as to render their 
chemical investigation a matter of extreme difficulty. Their great 
physiological imjjortance is made appanmt by the fact of the dry material 
in animal bodies, apart fn)m the mineral constituents and fats, consist- 
ing almost wholly of proteins, by their being an essential constituent 
of each living plant-cell, and by their forming the most important part 
of human and animal food. An animal can exist without fats and 
carbohydrates for a protracted period, but its death is assured by the 
withdrawal of proteins from its nourishrnenl.. 

The investigation of the proteins is remdered difficult not only by 
their complex structure, but also by the failure to obtain more than a 
few of them in crystalline form, and their invariable decomposition 
during distillation. As a result, advantage cannot be taken of these 
valuable aids in the isolation of individual substances. In addition, 
many proteins change very readily into other substances of the same 
group, and sometimes the distinctions between the different varieties are 
not well defined. 

Sometimes proteins exhibit great differences in physical and chemical 
behaviour, a fact rendering it necessary first to state the general prop- 
erties characteristic of them. They contain only five elements, and in 
composition do not differ much from one another, as the table indicates. 


Carbon .... 50-55 |)er (!Pnt. Oxygcfn 19-21 per cent. 

Hydrogen.. 6* 5-7* 3 percent. Sulphur ()• 3-5 per cent. 

Nitrogen. . . 15 17*(} per cent. 


Those of one variety designated phospho-proteins also contain phosphorus. 

The solutions of all proteins are optically active and laevorotatory. 
The proteins are colloids (“ Inorganic Chemistry,” 192), and therefore 
are unable to diffuse through parchment-paper. Often advantage is 
taken of this property in separating them from salts and other crystal- 
loids (loc cit.). Some of them have been obtained crystalline, among 
them serum-albumin, but most of them are white amorphous powders 
without definite melting-points. Heat causes their carbonization, and 
the evolution of gases. 

Many proteins can be “ salted out ” from solution, although there 
are exceptions. This “ salting-out ” is an important aid in identifying 
and separating the different varieties, and usually is effected by the 
aid of common salt or of magnesium sulphate. It is remarkable that 
all proteins can be salted out completely from their solutions in both 
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neutral and acidic liquids by saturation with ammonium sulphate. 
The albumins can be precipitated fractionally from aqueous solutions 
by gradually increasing the concentration of the ammonium-sulphate 
solution. The salt concentration required to initiate the precipitation 
of a protein is as characteristic for these organic compounds as is the 
solubility for a crystalline substance. A point important to remember is 
the dependence of this piocipitation not only on the concentration of the 
salt but also on various other factors, such as the temperature and the 
concentration of the hydrogen ions, The salt concentration is only 
characteristic when these factors are known accurately. Salting-out at 
the ordinary temperature causes no change in the properties of the pro- 
teins, their solubilities after the operation being the same as before it. 

247. Addition of dilute alcohol precipitates proteins unchanged from 
aqueous solution. Strong alcohol and boiling with water coagvlate them. 
For each albumin there is a definite coagulation-point; in other words, 
each albumin coagulates at a definite temperature. The factors gov- 
erning the salting-out process must also be taken into account in con- 
nexion with this reaction. For each type of protein there is a definite 
value of p„ best suited for coagulation, that for albumin being p,i = 4*8. 
On coagulation, the differences in solubility between the proteins vanish, 
all being rendered insoluble in neutral solvents, and being brought into 
solution again only by dilute caustic alkalis or by mineral acids. A 
solution behaving exactly like the solutions thus obtained can be pre- 
pared by boiling uncoagulated albumins with a large excess of acetic 
acid or of caustic alkali. 

In this process the albumins undergo a change known as denatura- 
tion. They cease to be coagulable by heat, but their composition 
remains unaltered. The products are designated meta-yroteins. For- 
merly the product of a hydrolysis effected by alkali was termed an 
albuminate or alkali-albumin, and that formed by acid hydrolysis a 
sy'ntonin or acid-albumin. The meta-proteins are insoluble in water, 
but soluble in dilute acids and alkalis. They are precipitated by 
neutralizing their solutions. 

The proteins are precipitated from solution by various substances, 
either by coagulation or by the formation of compounds insoluble in 
water. Coagulation is effected by the addition of mineral acids, pref- 
erably nitric acid. 

The formation of compounds insoluble in water is induced by the 
addition of salts of most of the heavy metals, especially cupric sul- 
phate, ferric chloride, and an acidified solution of mercuric chloride. 
The proteins therefore behave like weak acids. 

Some weak acids yield insoluble compounds with the proteins. 
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indicating those organic substances to have also a basic characMer. In 
this respect they exhibit complete analogy to their main decomposi- 
tion-products, the amino-acids. Among such acids arc tannic acid, 
piciic acid, phosp/iotungtitic acid, and others. The proteins are pre- 
cipitate<l from solution comph'lely by phosphotungstic acid, and this 
method, in addition to cf)agulation by boiling and pre(;ipitation by 
alcohol, is employed to separate dissolved proteins from solution. 

Various testn for proteins are known, among them the following: 

1 . MiTjLOn’s reagent, a solution of mercuric nitrate containing nitrous 
acid, yields at the boiling-point a red coagulated mass. 

2. The xanthoprotei?i~rcnction consists in llu* formation of a yellow 
coloration under the influence of warm nitric acid. 

3. The hiuret-reaciion depends on the formation of a fine red to 
violet coloration on addition of potassium hydroxide to « protein, 
followed by that of a two per cent, solution of cupric sulphate drop by 
drop. This reaction derives its name from the fact of biuret under 
similar conditions giving the sanu; coloration ( 267 ). 

4. Addition of one drop of formald(*hyde to a solution of five drops 
of egg-albumin in 3 c.c. of concentrated sulphuric acid produces a yellow 
coloration, changed to vie)let by addition of one drop of a solution of a 
nitrite. The reaction is due; to the preseuice of tryptophan. 

Nomenclature. 

248 . The Chemical. Sochci’y of London, the Enolisii Physiolog- 
ical, Society, the American Physiological Society, and the Ameri- 
can Society of BioLoeacAL Chemists have adopted the following 
system of nomenclature for the proteins. 

1 . Protamines. — Th(>y are the simplest members of the group. 
Examples are salmine and sturine, isolated from fish-spi'rm. 

2. Histones. — They are more complex than the protamines, but 
probably each class gradually merges into the other. They are exem- 
plified by the histones separatcil by Kossel from blood-corpuscles. 
Precipitability by ammonia is one of their distinguishing feature's. 

3. Alhumins. -Egg-albimiin, serion-albumin, and lact-albuniin are 
typical examples. 

4. Globulins. — They differ from the albumins in solubility. They 
arc salted out from solution more readily than the albumins. Examples 
are serum-globulin, fibrinogen, and such globuliiwlerivatives as fibrin 
and myosin.* 

* The carbohydrate-radical .sejmrable in small quantities from many members 
of C-lasscs 3 and 4 is probably not to be considered as a “prosthetic group”; as it is 
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5. Glutelins. — Alkali-soluble proteins of vegetable origin. They 
are closely related to the globulins. 

6. Gliadins. — Alcohol-soluble proteins found in the vegetable king- 
dom. The principal member of the group is gliadin, and Kosknheim 
has suggested designating the class by its name. 

7. Phospho-proteins. — Examples are vitellin, casei nogen (the prin- 
cipal protein of milk), and casein (obtained from caseinogen by the 
action of rennet).'’' 

8. Sclero-proteins.t — This class includes such substances as gelatin, 
chondrin, elastin, and keratin. The prefix indicates the skeletal origin 
of its members, and the insolubility of many of them. 

9. Conjugated Proteins, .t — They are substances having the protein 
molecule united with a prosthetic group. The principal subdivisions 
are 


a. Nucleo-proteins. — An example is guanylic acid, isolated from 
the pancreas, liver, .sjdeen, and mammary gland. 
h. Chromo-proteins. § - TIcetnoglobin is a type. 
c. Gluco-proteins. — I'hey are e.\em])lified by the mucins. 

10. Protein-derivatives.^ — They comprise the products of prot(‘in- 
hydrolysis, and are cla.sscd in four divisions. 

a. AI ETA-PROTEINS. — This grouf) ineludi's the substance's formerly 
classed as “albumiiiale's ” or “alkali-albumins,” and “syntonins ” or 
“acid-albumins,” obtained resiK'ctively by the action of an alkali or 


in tli(? glucoprotcins (9, c). "riu? term is restricted to tli(‘ final product forint'd 

during rigor mortia, von Fuhth’s “soluble inyogen-fibriii” should be culled soluble 
unjosin. The two chief proteins of (he nnisch‘-phisinji are tcTiiH’d paramyosinogen 
and nnjosinogen, 

* The prefix ‘‘nucleo-” frefpiently employed in relation to this class is incorrect 
and misleading. The American Societies include this group with the conjugated 
proteins (9). Since (he phosphorus-containing radical is no( c‘liminated from tin* 
phospho-proteins like a true iirosthcfic group, and their cleavage-products contain 
phosphorus, the English Societies prefer (he arrangement indicated. 

t This term replaces the word “albuminokr’ in the limited sense adopted by 
most physiologists, but the American Soci('(ies retajn the old name. 

t The American Societies add “lecitho-proteins” to this class, but their English 
confreres object on account of the uncertainty as to whether these substances are 
mechanical mixtures, adsorption-compounds, or true chemical combinatif>ns. 

§ The American Societies employ the term ** Haemoglobins” for chromoj>roteins. 
II The American Societies include two additional classes in this group: “proteans,” 
insoluble products apparently formed by (he incipient action of water, veiy dilute 
acids, or enzymes; and “coagulated proteins,” produced by the action of heat or of 
alcohol. They arc of an ill-defined nature, and the English Societies consider it to 
be better not to single out for special mention a few of the infinite varieties of insoluble 
modifications exhibited by proteins. 
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an acid on albumins and globulins. The name meta-proteins is prefer- 
able because (1) they are derived from globulins as well as from albu- 
mins, and (2) the termination ole iiiijdies a stilt. 

6. Proteosks.— They include such substances Jis albumose, glohuloftc, 
and gelatose. 

c. Peptones.— Further products of hydrolysis resembling the pro- 
teins in answering the biui-et-tesf, but. dififering from them in not being 
capable of precipitation from solution by' salting. 

d. Polypeptides, — Products of cleavage heyoiul the peptone stage 
containing two or more amino-acid-resiilucs. Most of them are syn- 
thetic substances, but some of them have lieen separati'd from the 
products of protein-hydrolysis. Most of those hitherto prepared do 
not answer the biuret-test. 

249. Particulars of some of the classes named are appended. 

The albumins arc the best known and most readily'^ obtained of the 
proteins. All form well-defined cry^stals, and therefore they arc prob- 
ably among the few proteins known to be individual chemical com- 
pounds, although it has not been proved that these crystals arc not 
mixed crystals containing two or more analogous individuals. They 
dissolve in water. 

Their neutral solutions cannot Ix) salted out with sodium chloride', 
magncsiiun sulphate, or a semi-saturated solution of ammonium sul- 
phate. This property furnishes a method of separating them from the 
globulins alwaj's present with them. 

The globulins arc distinguished further from the albumins by their 
insolubility in water, although they dis.solve in tlilutc neutral salt solu- 
tions, and in solutions of alkali-metal carbonates. At 30° they can be 
salted out completely by magnesium sulphate, and partly by sodium 
chloride. They have not been obtained crystalline. 

The phospho-proteins contain phosphorus, and have a distinctly 
acidic character. All of them turn blue litmus red, and in the free 
state they are only slightly soluble in water, though their alkali-metal 
salts and ammonium salts are freely soluble. The solutions of their 
salts do not coagulate, and can be boiled without undergoing any change. 

The sdero-proteins differ somewhat in character from the albumins. 
They exist in the animal economy only in the undissolved state, being 
the organic constituents of the skeleton and the epidermis. They 
include various substances such as keratin, elastin, gelatin, collagen, 
and chondrin. 

Keratin is the principal constituent of the epidermis, hair, nails, 
hoofs, and feathers. It is particularly rich in sulphur, containing 
between four and five per cent. Its decomposition-products resemble 
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those of the albumins. With nitric acid it gives the xanthoprotein- 
reaction, the ori^n of the yellow colour developed by contact of nitric 
acid with the skin. 

Elastin is the substance constituting the fibres of connective tissue. 
Its decomposition-produc 3 have the same qualitative composition as 
those obtained from the albumins. It is insoluble in dilute acids and 
caustic alkalis. 

The coUngens are (he principal sclero-proteins of the animal body, 
and the main constituent of connective tissue such as bone-tissue and 
while fibrous tissue. In stweral n^spects they differ from the albumins; 
for (hey contain 17-9 i)er c(‘nt. of nitrogen; they have not an aromatic 
niicl''us; and (heir hydrolysis do(« not yield tyrosine (352) as the chief 
deeoinposition-producl, but glycine accompanied by leucine, aspartic 
acid, and glutamic acid. 

Boiling with water transforms (he collagens into gelatin. This sub- 
stance is no( precipitated from solution by nitric acid or by other 
mineral acids, but it is precipitated by mercuric chloride in presence of 
hydrochloric acid and by tannic acid. 

Chondrin is obtained by extracting cartilage with boiling water, 
the solution gelatinizing as it cools. Acetic acid precipitates chondrin 
from solution. With boiling dilute acids (diondrin yields a decomposi- 
tion-product chondrosin, capable of reducing Fehling’s solution. 
C’hondrin is a derivative of gelatin and chondroitinsulphuric acid. 

In the inferior orders of animal life a series of substances approxi- 
mating more or less closely in chemical properties to the collagens and 
to clast in has been discovered. Among them is spongin, the principal 
constituent of sponges, a material much more stable than collagen 
tow’ards a solution of sodium hytlroxide or of barium hydroxide. Its 
completes hydrolysis by boiling with dilute sulphuric acid yields leucine 
and glycine, but no tyrosin(>, proving it to be a collagen. 

Prolonged boiling w’ith water converts silk into fibroin, a substance 
not decomposed by water even at 200°. Scricin or silk-gum also is 
formed. 

Comein is the organic constituent of coral. Its hydrolysis yields 
leucine, and an aromatic substance of unknown composition. 

250. Nearly related to the albumins are the conjugated proteins, 
compounds of proteins with other substances, usually of a very complex 
nature. Like the albumins, they are insoluble in alcohol, and most of 
them are coagulated by it. 

Nucleo-proteins derive their name from their r61e as the principal 
constituents of the cell-nuclei. They are combinations of proteins with 
phosphoric acid or nucleic adds (Nucleus, an important part of the cells 
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of itnimals or plants). A nucleic acitl is phosphoric acid transformed by 
partial saturation through union with such basic substances as hypo- 
xanthine, guaniTK', and xanthine. The eomposition of the nuclet)- 
pi’otoins differs considerably from that of the albumins; for they contain 
about 41 }X'r cent, of carbon, .31 iier cent, of oxygen, and 5*7 per cent, 
of phosphorus. 

The nucleo-proteins have a markedly acidic character. They are 
soluble in water and are very soluble in caustic alkalis. They answer 
to th(‘ protein colour-tests. 

Chromo-proteitin are compounds of proteins with substances contain- 
ing iron. Ilccmoglobin is prc'sent in blood in very high proportion, 
dried human blood containing 90 per cent, of this dyestuff. It is a 
constituent, of the; red blood-corpuscles. It decomposes into glnbin and 
hamatin. In the lungs it unites readily with the oxygen of r<*spired air, 
yielding oxylurmoglohiti This substance gives up its oxygen easily, 
thereby facilitating the oxidation-processes maintaining the heat of the 
animal body. 

It unites with carbon monoxide to form carhnnyl-hccmoglohin, a 
product unabk* tf) combine wit h oxygen. On this reaction the poisonous 
nature of carbon monoxide (k'pends. 

Hicnioglobin also combines much mon; readily with carbon monoxide 
than with oxygen, the pres('nco of only ()• 1 per cent, of tlie monoxide in the 
air bc'ing attentled by the conversion of .'>() jx^r (icnt. of the ha'moglobin into 
the carlxMiyl-derivative. 

A n)ixture of aceticj acid and sodium chlorid(^ converts oxylnemo- 
globin into the; hydrochloride of hacmatin, termed heemin. It crystal- 
lizes in characteristic microscopic plates f)f. a brown-red colour. The 
reaction furnishes a delicate test for blood. 

Gluco-proieitis arc compounds of proteins and carbohydrates. They 
include the nuLcinn, substances resembling the nucleo-proteins in theur 
acidic character. They are insoluble in water, but soluble in a small 
proportion of lime-water or of an alkali solution. The liquid obtained is 
neutral, has a glutinous appearance, and is not coagulated by boiling. 
Unlike those of the albumins, these solutions are not precipitated 
by nitric acid. Boiling the mucins with acids or with caustic alkalis 
yi('kls carbohydrates and cithtjr syntonins or peptones. The presence 
of the nitrogen-free carbohydrates makes the percentage-amount of 
nitrogen in the mucins considerably le.ss than in the albumins, its value 
being between 11*7 and 12 • 3 per cent. 

Meta-proteins are mentioned in 247 . 

Proteoses and peptones can be obtained from all proteins by suitable 
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hydrolysis. They have the protein-character, being insoluble in alcohol, 
and answering the xanthoprotein-test and biuret-tost (247, 2 and 3). 
They are produced during digestion by (he action of gastric juice on 
proteins, and are to be regarded as intemiediatc products in the hydroly- 
sis of proteins, the proteoses being nearer the proteins, and the peptones 
nearer the amino-acids. 

The Structure of the Protein Molecule. 

251. During hist century experimental evidence? of the complex 
structure of the protein molecule was accumulated, an important point 
being the great number of substances formed by the decomposition of 
albumin. Its dry distillation yields a black oil containing many nitro- 
gen biases. Hydrogen cyanide, hydrogen suli>hide, carbon dioxide, 
water, benzene and its homologucs, and numerous other bodies also arc 
formed. Both putrefaction and fusion with potassium hydroxide yield 
ammonia, hydrogen sulphide, volatile fatty acids such as butyric acid 
and valeric acid, amino-acids like leucine and tyrosine, scat ole, ptoma- 
ines, 7>-cresol, and oth(?r products. Oxidation with various agents 
has rendered possible the isolation of hydrogen cyanide, carbonitrilcs, 
benzoic acid, numerous volatile fatty acids, and other substances. 

N(?w products have been gained bj'- each fresh mode of attack, but 
the analjdical methods employed have not. sIkhI any light on the struc- 
ture of the protein molecule, for they yi(dd chiefly amorphous and 
ill-defined substances. The first important step towards the solution 
of the problem was made by SciriiTZENBERGEB in obtaining only crystal- 
line derivatives through heating proteins with an aqueous solution of 
barium hydroxide in an autoclave at 200° for several hours. After 
removal of the barium, the weight of the decomposition-prodvuds 
formed exceeded that of the initial proteins, proving the reagent to 
have effected addition of the elements of water, and thus to have 
hydrolyzed the proteins to crystalline derivatives. 

It was impossible to effect complete separation of the very complex 
mixture obtained, but some of the less soluble constituents such as 
leucine and tyrosine were isolated. The presence in the reaction- 
product of a number of amino-aiads was proved by its proix?rties and 
the results of analysis. Sciiutzenberger’s brilliant research was 
rendered more diflScult by the necessity for making some hundreds of 
analyses. Its most important result was to id(*ntify the amino-acids 
as the foundation-stones of the proteins, just as the monoses constitute 
the bases of the poljmses (225). The fission-products obtained by 
earlier experimenters were formed by decomposition of the amino-acids. 
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252. ScHt3'TZENBERG£R (lid not succced in separating the various 
amino-acids from the mixture obtained by his method of fractional 
crystallization; but the identification of the different amino-acids 
derivable from the individual proteins would be insufficient for a com- 
plete comprehension of the structure of the protein molecule, for the 
proportion of each acid also must l)e determined by separation of the 
complex mixture into its individual constituents. By esterification of 
the amino-acids (241) and fra(!tionaI distillation in vacuo of the mixtunj 
of esters, Emil Fisi’iiek succeeded not only in isolating the jirincipal 
constituents, but also in attaining an approximate insight into their 
relative proportions in the different proteins. His classical researches 
have enabled the products of protein-hydrolysis to be grouped in six 
divisions. 

1. Monobasic monoamino-acids. — Glycine, alanine, 1-aminov/ileric 
acid, leucine (242), and phenylalanine, Cells* CH2* GHNH2- (^OOH. 

2. Dibasic monoamino-acids. — Aspartic acid and glutamic acid or 
aminoglutaric acid. 

3. Diamino-acids. — Ornithine and lysine (243). In the sann* 
category may be included arginine, obtained by addition of cyanamide 
to ornithine (269). 

4. Hydroxyamino-acids.— Tyrosine (352) has been known for a 
long time. Of more recent date is serine, CIl20II*CHNH2 *00011, 
synthesized from glycollaldehyde: 

CllaOII * +HCN CIT2OTI • ( ffl [ '5^ ; 

-I-NH3 ->(^112011 •CITNIIa-C’OOH (240, 3). 

This synthesis indi(!atcs the constitution of serine, and further con- 
firmation is afforded by its reduction to alanine. 

To this class also belongs the complicated diaminotrihydroxy- 
dodecanic add, C12H26O5N2, a decomposition-product of casein. 

5. Compotmds with a closed chain containing nitrogen. — a-Tetra- 
hydropyrrolecarboxylic acid or proline, and hydroxytetrahydropyrrole- 
carboxylic add or hydroxijproline, are examples of such derivatives. 
Tryptophan (403), CHH12O2N2, contains a similar chain; and probably 
scatole (403), the cause of the characteristic odour of human fjeccs, is 
derived from this fission-product of proteins. Tryptophan is dis- 
tinguished by the formation of a violet coloration or precipitate with 
bromine-water. The laevo-modification of histidine, 

NH-CH^ 

I >C.CH2*CH(NH2)*C00II, 

CH=N/ 
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is a degradation-product of ; imost all albumins. Its racemic form has 
been synthesized, and 'has b' ;n resolved into its opt ical isomcrides. 

6. Compounds containir . sulphur. — The only r(^p^(^sentative of this 
class is cystine, C6Hi20.iN2» 2 , identified by Wollaston as early as the 
beginning of last century as the principal constituent of certain gall- 
stones. It has the formula 

coon • CIINII2 • CHaS -SCTT2 • CTINH2 • COOII. 

Reduction converts it m\o cysteine, ('Ot.llI'CHNHa'CHaSH, atmos- 
plieric o.vidation of this derivative regenerating cystine. 

The constitution of cystine has been ascertained through its forina- 
from the benzoyl ester of serine with th(‘ benzojd-group attached 
to nitrogen. Fusion witli phospliorus pentasulpliide converts the 
CriaOlI-group in this ester into a CTIaSll-group, and elimination of 
th(? benzoyl-group jdelds cysteine. 

Fmil Fischeu found the hydrolysis of proteins to be effected more 
readily by boiling with concenti’aled hydrochloric acid or with sulphuric 
acid of 2.') pcT ccuit. strength, than by ScnfTZENBi:R(;ER’s barium- 
hydroxide process. 

Emil Fiscpikr’s (‘ster-inethod has rcaidered possible the appro.ximale 
cjuantitative estimation of the products cjf protein-hydrolj’sis. In 
reading tlu; following brief summary of the results obtained it should be 
notcid that usually not. more, and often Ic'ss, than 70 per cent, of the 
protein is recoverc'd in the form of definite compounds, there bc'inga 
considerable residue not identified on acc'ount of experimental difficult ic's. 

Decomposition of some proteins yields a single amino-acid almost 
(ixclusivc'ly. Examples of siich ndatively simple jiroteins are salmine 
and clnpcine, isolated by Kossel from the testicle's of the salmon and 
herring respectivc'l3^ Hydrolysis of the first yic'lds 81 -3 pc?r c*cnt. of 
arginine, and that of the; second 82*2 per cent. 

Usually, however, the proteins yield a seric's of amino-acids, the 
proportions of the individual constituents varying between wide limits. 
In most proteins leucine (242) is the princ*i[)al constituent, as in lucmo* 
globin (250), keratin, and clastin (249). Only in fibroin and in gelatin 
(249) docs glycine predominate. Of the dibasic amino-acids, aspartic 
acid (243) generally is i)resent in small proportion. Casein (248, 7) 
contains a relatively large amount of glutamic acid. Ih'rosine is the 
principal decomposition-product of fibroin, alanine and glycine being 
formed in smaller proportions. Cystine is an important constituent of 
keratin, as much as eight ix'r c<‘nt. of it having been obtained from 
cow-hair. The hydrolysis of human hair also yields a large proportion 
of cystine. 
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The table summarizes the percentage-composition of a few proteins 
with respect to certain constituents. 



Hierno- 

glohin. 

Casein. 

Gelatin. 

Keratin 
(from hair). 

Fibroin. 

Glycine 

0 

0 

10-5 

0-5 

86-0 

Alanine 

4 

1-5 

0-8 

1-0 

21 

Leucine 

27-S 

10-5 

2-1 

15-8 

1-5 

Aspartic acTtl 

4;i 

1-2 

0-6 

2-5 


Glutaniif! acid 

17 

15 5 

14-0 

27-8 


Arginine 

52 

4-8 

9-8 

2-7 

4-0 

Histidine 

10 -5 

2-0 

0.4 



Tyrosine 

1 •:! 

4-5 


8-6 

10-5 

Proline 

2;i 

;i-2 

5-2 



Cystine 

0:1 

0-1 


7-5 



253. Having eluciclaled the basis of the prot(‘in molecule, Emil 
Fischer applie<l himself to the solution of the greatest problem of 
organic chemistry, the synthesis of the proteins. For a long time the 
amino-acids of the protein molecule had been assumtjd to be united 
through their amino-groups, as in glycylglycine, 


NHa • C T I2 • ( 'O— NI I . ( TI2 • C’OOTT. 


In this substance the amino-group of one molecnile of glycine has 
become attached to the carboxyl-group of another molecule, as in the 
formation of acid amides. This hypothesis was confirmed by the 
researches of Emil Fischer. By employing a number of synthetii! 
methods, he succeeded in uniting various amino-acad-residues, and 
named the resulting compounds 'polypeptides. They display great 
analogy to the natural pefitoiu's (248, 10, e). Their synthesis proves 
them to have the structure indicated. 

It is not po.s,siblo tf) give licre a dntailod description of these synthetic 
methods, but a brief nn’iew will not l)e out of place. Heat converts the 
esters of amino-acids into anhy<lri<les, with (dimination of two molecules of 
alcohol, the reaction sometimes taking place even at the ordinary tempera- 
ture: 

2 NH 2 • CH* • COOC^Hi, = 2C2lIf,OH-f NH < NH. 

Glycine ethyl ester Diketopipcrazinc 

(Cilycinc anhydride) 

Under the influence of dilute potassium hydroxide, this anhydride takes up 
one molecule of water, yielding a dipeptide, glycylglycine: 

NH < chZSo > NH -f-HiO = NH 2 • CH, • CO— NH • CH* • COOH, 

Glycylglycine 
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With phosphorus pentachlorido in acotyl-chloride solution, the carboxyh 
group of a dipeptidc is changed to (JOCl, and the residue of this acid chlo- 
ride can be introduced into other aniiiio-acids: 

NH 2 • CH 2 . (;0— NH • CHa • COCl + H 2 N • CH 2 • COOC JIs = 

= NII 2 • CH 2 • CO- Nil • CH 2 • CO— NH • CH, • COOC2Hs-1-HC1. 

Saponification of tLiS substance jdelds a tripeptide, and so on. 

The polypeplides, especially from the tclrapeplidea to the octapeptides, 
arc very like the natural peptones, as is indicated by a short summary 
of (.he charact eristics of both classes. Most of them arc soluble in water, 
and insoluble in alcohol; but those less soluble dissolve readily in solu- 
tions of acids and of bases. Usually they melt above 200° with decom- 
position, have a bitter and insipid taste, and are precipitated by phos- 
photungstic acid. They answer the biuret-tc'st (247, 3), the sensitive- 
ness of the reaction for the polypejitides augmenting with increase in 
the length of the chain. Boiling with concentrated hydrochloric acid 
for about five hours eflF(*cts complete hydrolysis. At the ordinary 
temi)era(.ure they are stable towards alkalis. They are hydrolyzed by 
the action of pancreatic juice. 

The highest polypi'ptide prepared by Emil Fisciieu is an octa- 
decapeptide containing eighteen amino-acid residues, fifteen of them 
bi'ing glycine residues and three being leucinc' residues. It. has all the 
characteristics enumerat(*d, and had it been discovered first in nature, 
it would certainly have be<;n (classed as a protein. 

This octadecapeptide has the molecular weight 1213, the value for 
most of the fats being much smaller, and for tristearin 891. It is the 
most complex substance of known structure hitherto obtained by syn- 
thesis. Abdeuhalden’s researches have dcMuonstrated the power of 
animal organisms to form proteins from a mixture of amino-acids in 
correct proportion, the basis of (he proof being the continued existence 
of animals fed on such a mixture. 

The mechanism of this syntlw'sis of proteins must be wholly different 
from that involved in their production in thi^ laboratory, and the same 
general rule is applicable to the synthetic formation of all natural 
products. Plants generate de.xti’ose from carbon tlioxide and water, 
and in presence of ammonia thc'y form proteins and alkaloids. In the 
animal organism (he synthesis of proteins is accompanii'd by that of 
fats. All these processes take place at the ordinary temperature, and 
without the aid of concentrated acids, phosphorus pentachloride, and 
other substances essential in artificial syntheses. Their mechanism is 
still verj' obscure. Probably the natural proteins are mixtures of 
various polypeptides hitherto inseparable. 
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Tlio step-by-stop docomposition of fibroin (249) also indicates the amino- 
acids in the imiteins to have an amino-linking. With concentrated hydro- 
chloric acid fibroin yi(*lds sericoin, a substance convcTted into a peptone 
by further l»oiling with tlui same acitl. Pancreatic juice transforms this 
substance* into tyrosine* (352), and another ])e])tono answering the biuret- 
test. After warming with barium-hydroxide solution this second pcjjtone 
no longer answers this test, and a dipei)tide, glycylalanine, can be isolated 
from the protlucts of de'composition, 

254, Apart from thtur magnitude, nothing is known about the 
molecular weights of the proteins. These substances l)eing colloidal in 
solution, determinations of their molecular weights made by the aid of 
the lowering of the freezing-point or by that of osmotic pressure yield 
unreliable results. A method devdsed by Svkdbkug is based on mea- 
surements of the sedimentation-velocities of albumin solutions sub- 
mitted to “ ultra-centrifuging ” at a spt;ed of 10,000 or more revolutions 
per minute. For the albumin of hens’ eggs it has indicated a molecular 
weight of 34,500, for haemoglobin and s(*rum-albumin twice as much, 
and for other pi'oteins still higher values. 

The subjoined rea.soning enables a minimum value to bo calculated 
for the mol(H!ular weight of haemoglobin. ’Fhis substance contains 0*306 
per cent, of iron, and since its molecule cannot contain loss than one 
atom of iron it is impossible for the molecular weight of hajmoglobin 
to be less than 16,700; but mc^asurements of th(i osmotic pn*ssure have 
indicated a molecular w(*ight of 67,000, and this value accords with that 
given by Svkubekcj’s method. 

There is no gaimsaying the unreliability of these figunis. The close 
analogy betw(.'en the higher polypeptides and many pi'oteins indicates 
the probability of the chain of each protein molecule not containing 
many more than twenty amino-acid residues, the.se being capable of 
union to form larger coniple.xes similar to those assumed for starch and 
cellulose. 

Consideration of the differences in the nature and in the number 
alone of the arnino-acids in the pnitein molecule indicates the theoretical 
possibility of an alnujst infinite variety of proteins. Assuming the pro- 
tein molecule to contain twenty different amino-acid-residues, it can 
be represented by the scheme 

^20* Aio-Ajs • . . A2’Ai, 

A being an amino-acid-residuc. Each fresh grouping of these residues 
produces a new i.somoride. According to the theory of permutations 
there are possible 20X 19 X 18 X - . . X2X1 or approximately 2*3X10’® — 
2*3 trillion groupings, and hence a like number of isomerides. For 
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other reasons this number must bti increased greatly, the first of them 
being based on stereocliemical considerations. Some amino-acids have 
asymmetric carbon atoms, anti with a protein molecule containing n of 
them the number of stereisomerides possible is 2 '\ Assuming the value 
of n in this example to be 10, each of the 2*3 trillion substances could 
exist in 2'”= 1024 optically isomeric forms. The second reason is the 
existence of the group — CO •NTT — also in the tautomeric form ( 235 ) 
— C(OIT):N — . Obviously the number of possible isorncrides is almost 
unlimited. It is so great as to make it feasible for each of the different 
kinds of living material to have its own indivitlual proi^in, and for the 
infinite variety of forms found in organic na<ui"e to have originated 
partly as the result of isomerism in the protein molecule. 



CYANOGEN DERIVATIVES. 


Cyanogen, 02^2. 

255. When mercuric cy.'iiiido, Ifg((^N)2, is heated, decomposes 
into mercury and the gas cijnnogen. The i)r()\vn amorphous polymeric 
pnracyanogen, (('N)x, is formed simultaneously, but if is converted into 
cyanogen by heating at a high tc'mperaturt'. A better method for the 
preparation of cyanogen is Ihe interaclion of solutions of potassium 
cyanide and cupric sulphate, (^upric cyanide is formed, and at once 
decomposes into cuin’ous cyanide and cyanogen: 

4KCN+2CuS04=--2K2S04+Cu2(CN)2+(CN)2. 

The reaction is analogous to that between potassium iodide and a solu- 
tion of cupric sulphate to yi(‘ld cui)rous iodide and free iodine. 

(Cyanogen is ndatod closely to oxalic acid, for heating ammonium 
oxalate with a dehydrator such as phosphoric oxidt* produces cyanogen. 
Inversely, dissolving cyanogen in hydrochlori(! acid adds four molecules 
of water and forms ammonium oxalat(*. These reactions prove c5'^anogen 
to be the nitrile of oxalic acid, its constitutional formula being 

K=(!-C’=N. • 

In some respects cyanogen is analogous also to the halogens, as its 
preparation from potassium cyanide and cupric sulphate indicates. 
Moreover, potassium burns in cyanogen as in chlorine, with formation 
of potassimn cyanide, KCN; and the passage of cyanogen into potas- 
sium hydroxide produces potassium cyanide, KC^N, and potassium 
cyanate, KCNO, the process being analogous to the formation of potas- 
sium chloride, KCl, and potassium hypochlorite, KCIO, by the action 
of chlorine on potassium hydroxide (“Inorganic Chemistry,” 56). 
like silver chloride, silver cyanide is cheese-like in consistence, insoluble 
in water and dilute acids, and soluble in ammonium hydroxide. 

lleduction with sulphurous acid converts cyanogen slowly into 
hydrogen cyanide, HON", whereas the corresponding reduction of halo- 
gens to hydrogen halides takes place instantaneously. 

322 
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At the ordinary temperature cyanogen is a gas of pungent odour, 
its boiling-point being — 20*7°. It is excessively poisonous. At high 
temperatures it is stable, but at the ordinary temperature its aqueous 
solution decomposes slowly, depositing a brown amorphous flocculent 
precipitate of azulminic acid. Cyanogen is inflammable, and burns 
with a peach-blossom coloured flame. 

Hydrogen Cyanide, HCN. 

256. Hydrogen cyanide (“ prussic acid ”) is produced by passing a 
mixture of nitrogen and hydrogen over red-hot carbon heated electric- 
ally. An equilibrium is attained *at one atmosphere of pressure and 
corresponding with 4-7 per cent, of hydrogen cyanide. 

The passage of sparks from an induction-cf>il through a mixture of 
acetylene and nitrogen produces hydrogen cyanide. Acetylene being 
obtainable by direct synthesis (126), this reaction furni.shes another 
method of building up hydrogen cyanide from its elements. It is also 
formed from a mixtuiv of methane with a large excess of nitrogen under 
the influence of an arc-discharge of high voltage, but the yield is small 
owing to the flame of the arc causing the d(;com position of a large pro- 
I)ortion of the hydrocarbon. Addition of a great excess of hydrogen, 
coupled with the instant absorption l)y alkali of the hydrogen cyanide 
produced, makes tlie yield almost quantitative. 

Usually hydrogen cyanide is prepared by heating potassium ferro- 
cyanido (257) with dilute sulphuric acid, the anhydrous substance 
being obtained by fractional distillation of the aqueous <listillate. It is 
a colourless liquid with an odour resembling that of bitter almonds. It 
boils at 26°, and the solid melts at —14°. 

Pure hydrogen cyanide is stable, but its afiueous solution decom- 
postJS with formation of bi'own amorphous insoluble substances. The 
residual solution (-.ontains various compounds, among them ammonium 
formate. 

Like iTio.st cyanogen derivatives hydrogc'n cyanide is an excessively 
dangerous poison. The inhalation of hydrogen peroxide, or of air con- 
taining chlorine, is employed as an antidote. As with the mercury com- 
pounds (“Inorganic Chemistry,” 283), its toxic effect deiiends on the degree 
of ionization, a fact indicating the cyanogen ions to exert the ]Joisonous 
action. Other evidence leads to the same conclusion, for the aqueous 
solution of potassium ferrocyanidc contains no cyanogen ions, and the salt is 
not poisonous. 

Hydrogen cyanide must be regarded as the carbonitrile of formic acid: 


HCOOH-^H-CN. 
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Its formation by the distillation of ammonium formate, and the rcverse 
transformation already cited of liydrogt'u cyanide into ammonium 
formate through addition of l\\(» molecules of water, favour this view. 
It finds support also in th<> formation of potassium cyanide from chloro- 
form, H-C’C1;{, through warming with alcoholic ammonia and potassium 
hydroxide (145). Mcthylamine is obtained by reduction of hyrlrogcn 
cyanide ; 

Hydrogen cyanide is one of the weakest acids, its aqueous solut ion 
having low electric condiu'tivity. 

Hydrogen cyanid(' can be ol)tained from amyffdnlomdc, Cjf,H-..,()tiN, a 
gliico.si(le (206) j)reM‘nt in bitter almonds and in other vegetatde-products. 
In contact with water, amygdalosid(' is decomposetl l)y the enzyme (222) 
ctiiulnin, also a con.stitiient of bitter almonds, into benzaldehydc, hj’drogen 
cyanide, anti dextrose: 

(’2<.H27()..X+2H..0 = C7H.,0+1ICX-|-2C,II,.()6. 

AniyKclaloside Hen/alclohyde Dextrose 

Substitution of maltase from yeast for cinulsin yields only a single 
molecule of dextrose, awygdalic nitrile glucoside, CuHuOsN, being fonned 
simultaneously. 

Cyanides. 

257. The alkali-metal salts of hydrogen cyanide are manufactured 
chiefly for the lixiviation of gold and silver ores (“ Inorganic Chemistry,” 
247 and 250), three methods being employed in their preparation. 

1. Wood-charcoal is heated with metallic sodium in a current of 
gaseous ammonia at torjq)eraturo.s lx)twt*en d00° and 600°, the primary 
product being mdium cynnatnide, Na^CNo (260). At a higher tempera- 
ture this substance combines with carbon to form sodium cyanide, 
NaCN; 

2NII;< +2Na + C = Na^CXa-fSHg; 

Na^C -Ns-hC = 2Xaf ’N. 


2. Crude coal-gas also furnishes a source of hydrogen cyanide 
(“ Inorganic Chemistry,” 323). 

.*?. Spent wash (43) i.s evaporated, and the residue is submitted to 
dry distillation. Hydrogen cyanide is a constituent of the gaseous mix- 
ture evolved, and can be extracted by absorption with alkali. 

Heating barium carbide in nitrogen yields barium cyanide: 


BaC2+N2 = Ba(CN)2. 
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This reaction affords a means of preparing cyano-derivatives from 
atmospheric nitrogen. 

liiTCHKu’s nuMhod consists in heating alkali-metal carbonates with 
carbon in a curr(‘nt of nitrogen, iron being employed as a catalyst. The 
first stage in the reaction is the reduction f)f l,he carbonate to metallic 
sodium, and lh(‘ second the combination of the metal and car})on to 
form sodium carbide, Na^CJ-i. The reaction temperature is about 1000°, 
and untler these conditions the carbide absorbs nitrogen, giving an 
excellenl. yield of sodium cyanide, NaC’N. 

It is possible to prepare aninumium cyanide, NH4-CN, in quanti- 
tative yield by passing a mi.xture of carbon mono.xide and ammonia 
over thorium oxide heated to a temperattire between 410° and 450°: 

CO-|-2Nri;, = NH4- C’N+ FIoO. 

The cyanides of the alkali-metals and of the alkaline-earth-metals, 
anfl mercuric cyanide, are soluble; other cyanides are insoluble. All 
have a great tendency to form complex salts, many of them, particularly 
those containing alkali-metals, being soluble in water and crystallizing 
well. The preparations and properties of some of these salts are 
described in “ Inorganic Chemistry,” 323. 

Potassium cyanide, KCN, is obtained by heating potassium ferro- 
cyanide, K4Fe(CN)o, to redness: 

K4Fe(CN)6 = 4KCN-fFeC2+N2. 

Potassium cyanide dissolves readily in water, and with diiRculty 
in strong alcohol. It can be fused without undergoing decomposition. 
The aqueous solution is unstable, the potassium cyanide taking up two 
molecules of water. At the ordinary tempemturc the change is slow, 
but boiling accelerates it. Ammonia is eliminated, and potassium 
formate is produced: 

KCN-f-2Il20 = HCOOK-I-NH 3 . 

Potassium cyanide always has an odour of hydrogen cyanide, being 
decomposed by the carbon dioxide of the atmosphere into that com- 
pound and potassium carbonate. 

The aqueous solution of potassium cyanide has a strongly alkaline 
reaction, the salt being hydrolyzed partially to hydrogen cyanide and 
potassium hydroxide (“ Inorganic Chemistry,” 66). Evidence of the 
existence of this decomposition is afforded also by the possibility of 
saponifying esters with a solution of potassium cyanide, this reaction 
furnishing a method of determining the degree of hydrolytic dissocia- 
tion undergone by the salt. 



326 


CYANOGKN DERIVATIVES 


l§ 2r)S 


Potassium fcrroajamde, K4Fc(CN)6, crystallizes in large sulphur- 
yellow crystals with three molecules of water. T.he application of 
gentle heat expels this water, leaving a white powder. The salt is not 
poisonous (256). On wanning with dilute sulphuric acid it yields 
hydrogen cyanide. Heating with concentrated sulphuric acid evolves 
carbon monoxide, the sulphuric acid inducing the addition of two 
molecules of water to the hydrogen cyanide first formed, ammonia and 
formic acid being profluccd. The formic acid is decomposed immediately 
by the concentrated sulphuric acid into carbon monoxide and water (81). 
This methoil often is employed in the preparation of carbon monoxide. 

Cyanic Acid, TlC-NO. 

258. Cyanic acid is obtaineil by heating its polyrneride cyanuric 
acid (262), and jiassing the vapour through a freezing-mixture. It is 
a colourless liquid, stable below O'*. If the flask containing it be 
removed from the freezing-mixture, so as to raise the temperature 
above 0°, vigorous ebiillilion ensues, sometimes accompanied by loud 
i-eports, and the liquid becomes converted into a white amorphous solid. 
I'his transformation was observed first by Liebig and Wohlek, and they 
named the product “insoluble cyanuric acid,” or cyamelide. This 
substance is a poI,\’meride of c^’anic acid, and probably has the formula 
(nC/NO) 3 . Senikk demonstrated the transformation-product to con- 
tain only about thirty per cent, of cyamelide, the remainder being 
cyanuric aciil. The mixture (an be separated by means of water, 
cyamelide being very sparingly soluble, and much less soluble than 
cyanuric acid. 

The relationship subsisting iMjtAvcvn cyanic acid, cyanuric acid, and 
cyamelide is explained by the fcdlowing considerations. At ordinary 
temperatures cyamelide is the stable nu)difi(!ation. Jiy cooling below 0°, 
the vapour of cyanuric acid yields cyanic a<!id, a transformation analogous 
to the condensation of phosphoru.s-vapour at low tempciratures t(i the 
white variety, and not to the stable; ml modi{i(;ation. This phenomenon 
is due to the very small velocity of transformation of both the unstable 
forms at low temjxiratures. AImjvc 0° the velocity of transformation of 
cyanic acid is much greater, and the jadymcric stable cyamelide is formed, 
the process being accelerated considerably by its own calorific effect. 
Above 150“ cyamelide is converted into the isomeric cyanuric acid. This 
transformation is analogous to that of rhombic sulphur into monoclinic 
sulphur, the transition-jH)int being about 1.50°, although the process is so 
slow as to inhibit determination of the exact temperature. A similar 
slowness obscures the reverse process, the direct transformation of cyanuric 
acid into cyamelide, cyanuric acid at the ordinary temperature remaining 
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unchanged ft)r an indefinite period, although it is an unstable modification. 
In this respc'ct it is comparable with detonating ga.s (“ Inorganic Chemistry,” 

13)- 


Above 0® an aqueous solution of cyanic acid changes rapidly into 
carbon dioxide and ammonia: 


HCNO +H2O = H3N+CO2. 


The constitution of cyanic acid is unknown, but it yields two series 
of derivatives capable of being mgarded as derived from normal cyanic 




OH 


acid, , and from imqjanic acid, 

Cyanogen chloride, CNCl, can be considered to be the chloride of 
normal cyanic acid. It is a very poisonous liquid, freezing at — I • 5°, 
boiling at 13°, and with the density 1-222 at 0°. It can be obtained by 
the action of chlorine on hydrogen cyanide or potassium cyanide, and 
polymerizes readily to cyanuric chloride, C.-iNgCla, especially in presence 
of hydrogen chloride, ('yanogen chloride is converted by potassium 
hydroxide into potassium chloride and potassium cyanate: 


XIT 


CNC1+2K()TI = CN0K+KC1+H20. 


259. Esters of cyanic acid have not been isolated. They are prob- 
ably initial products of the action of sodium alkoxides on cyanogen 
ehlorick;, since the polymeride ethyl cyannrate, (CNOCallr,);}, can be 
sf‘paratcd readily from the reaction-product (262). 

Esters of Imcyanic acid are well known, and arc obtained by the 
action of alkyl halides on silver (lyanate: 

CO : N [A g-H| CVIlr. = ( X) • NCaH-i-f Agl. 

The isocyanic e.sters arc volatile liquids with a powerful stifling odour. 
They also polj'merizc I'cadily, yielding isocyanuric esters such as 
(CXINCoHs);! (262). 

The constitution of the fsocyanic esters follows from their tlecom- 
nosition into carbon dioxide and an amine, effected b>' water, or better 
by dilute alkalis: 

CO ;N- CH 3 +II 2 O = COa+NIfa • CIT 3 . 


This reaction was applied by Wuktz to the pieparation of pure primary 
amines fretj from secondary and tertiary amines. 

Primary amines can be obtained from acid amides by the action of 
bromine and potassium hydroxide (96). A more economical method is to 
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distil a mixture of the acid amide and bleaehinR-imwder with a solution of 
calcium liydroxide. The mechanism of the reaction was investigated hy 
Hoogewerff and van Dour. The first product w-as isolated, and found 
to be a substituted amide with bromine in union with nitrogen; 

R. CO- XHi - R- CO- NHBr. 

Owing to the influence of the aeid-rc.sidue, the hydrogen of the amino-group 
can bo replaced by metals, and this replacement is facilitated considerably 
by the introduction of a bromine atom. I’lie potiussium hydroxide present 
cjiu.sos the fonuation of a compound, Il-CO-XKUr, it being unstable but 
capable of isolation. This jK)ta.s.<iuin bromoamide readily undergoes an 


intramolecular 

tran.sformation similar to 

the Beckmann transformation 

(103); 

R-C-OK 

Br-C-OK 


II changes to 

II . 


Rr-X 

R-N 


Potasfliuni bromoamide 



The transformation-product lo,ses jictjussium bromide, with formation of an 
N-It 

tsocyanic ester, j| , decomjjosed by the water present into a primary amine 
O-C 

and carbon dioxide. 

Thiocyanic Acid, HCNS. 

260. Thiocyanic acid (sulphocyanic acid) resembles cyanic acid in 
its properties, but is much more stable towards water. It can be 
obtained from barium thiocyanate by the action of the calculated 
proportion of dilute sulphuric acid. The anhydrous acid is formed at 
low temperature fiom concentrated sulphuric acid and a mixture of 
pota.ssium thiocyanate and phosphoric oxide, the oxide being added to 
prcjvent the presence of oxco.ss of moisture. At 0° it forms a white 
crystalline solid, melting at about 5 °, and quickly changing to a solid 
polymeride after removal from the frcM-zing-inixture. When warmed 
with dilute sulphuric acid, thiocyanic acid takes up one molecule of 
water, and decomposes similarly to cyanic a(;id (258), with production 
of carbon oxysulphide, COS, instead of carbon dioxide: 

HCNS+H2O = H3N+ COS. 

Potassium thiocyanate is obtained by boiling a solution of potassium 
cyanide with sulphur. Among other applications it is employed in Vol- 
hard's method of silver-titration. When silver nitrate is added to a solu- 
tion of ix>tassium thiocyanate, silver thiocyanate, AgCNS, is deposited in 
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the form of u white cheese-like precipitate insoluble in dilute mineral acids. 
Ferric thiocyanate, Fc(CNS)3, has a dark blood-red colour, and on its forma- 
tion depends a test for ferric salts. The red colour is due to the non- 
ionizcd molecules Fe(CNS)«, neither the ferric ion nor the thiocyanic ion 
, being coloured in solution. The colour is intensified by diminution of the 
ionization by such a method as the addition of more of the ferric salt or of 
the thiocyanate. The red colour is removed by agitating the solution with 
ether, whereas ions cannot be extracted by this means. Mereary thiocya- 
nate has the property of intumcscing on decomposition by heat (“ Pharaoh’s 
serpents ”). 

Like that of cyanic acid, the constitution of thiocyanic acid, is 
unknown. The two acids are alike in yielding two series of esters, 
those corresponding with thiocyanic acid l)eing the thiocyanic esters, 
S • T? 

N those with tsothiocyanic acid the S&tMiiocyanic esters, 

•R 

Thiocyanic esters are obtained by the action of alkyl iodides on the 

thiocyanates: 

CN • S [K -f - 1 jCoIIs = CN • SC2H6+KI. 



They are liquids, insoluble in water, and characterized by a leek-like 
odour. The union of the alkyl-group in these compounds with sulphur 
is proved by the nature of the prtxlucts obtained both by reduction 
and oxidation. Reduction yields nnu'captans and hydrogen cyanide, 
methylamine being formed by the fuither rcxluction of that acid: 

CN • S • C2lT5+2n = CNIIH-II • S • C2II5. 


Alkylsulphonic acids such as C2H5'S020H (60) are produced by 
oxidation. 

Under the influence of heat the thiocyanic esters are transformed 
into /«othiocyanic esters, distillation of allyl thiocyanate, CN-SCsHs, 
effecting this change. 

The tsothiocyanic esters arc also termed mustard-oils after allyl 
isothiocyanate, the substance imparting the odour and taste to mustard- 
seeds. The following reactions prove these compounds to contain an 


alkyl-group attached to nitrogen, and to have the constitution 


% ■ 


With concentrated sulphuric aci<l they add the elements of water, 
yielding a primary amine and carbon oxysulphide: 


R.N:CS-I-H20 = R-NH2+C0S. 
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They are converted l)y reduction into a primary amine and trithio- 
methylene, (CHsSh, a substance probably generated through the poly- 
rnerization of the thiomcthylene, CHjS, first formed, although the 
monothio-compound is unknown in the free state: 


li’N^ C’S”[“4II = 11* NUa'f'CIIsS. 


Cyanamide, rN-Nri2, is obtained in various ways, including the 
action of ammonia on cyanogen chloride. It is a crystalline hygro- 
scopic solid, and polymerizes readily. Its hydrogen atoms can be 
replaced i)y metals, silver yielding silver cyanamide, CN-NAga. This 
substance is yellow and is insoluble in dilute ammonium hydroxide, 
wherein it differs from most silver compounds. 

W'hcn calcium carbidti is heated to redness in a current of nitrogen, 
calcium cyanamide is formed: 


CaC2+N2 = CN. NCa+C. 

The absorption of niti’ogcn is facilitated greatly by addition of ten 
per cent, of calcium chloride. This compound can be obtained also by 
heating lime and carbon to a r(^d lu'at in an atmosplnwo of nitrogen. 
I’lie crude product is termed ‘‘ Lime-nitrogen ” and finds application 
as an artificial fertilizer, being decomposed slowly int,o ammonia and 
calcium carbonate by water at the ordinary temperatun;: 

Ca( ^N2+3H2() = 2NIl3+C:aC03. 

The reaction is acc(*lerated considerably by heating under pressure. 
By this method ammonia can be prodiu^ed directly from the nitrogen of 
the atmosphere. 


Fulminic Acid. 

261. Salts of fulminic acid arc obtained by the interaction of mercury 
or silver, nitric acid, and alcohol in certain proportions. The most import- 
ant is mercuric fulminate, HgCjOjNj, a product proi)ared on a large scale, 
and eniployed for filling ijcrcussion-caps and for other purj)ose.s. Gun- 
cotton can be explotled by the detonation of a small proportion of this sub- 
stance (228); and as it (sxerts a similar effect on other explosives, the 
so-called “fulminating mercury ” plays an important part in the applica- 
tion of such substances. 

Silver fulminate, Ag(CNO), is much more explosive than the mercury 
salt, and hence is not employed technically. The explosion of these salts 
has a hrisnni (154), though only local, effect; and this characteristic enabled 
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Howard, the dLscovorer of morcuric fuliiiinato, to explode a small quantity 
in a balloon without injury to the; machine, the only effect being to shatter 
the leaden shells containing the i*xplosivc. 

Free fulininic acid is a very unstable and volatile substance. It has 
an odour resembling that of hydrogen cyanide, and is excessively poisonous. 

According to Nkf, the formula of fulininic acid is C=N*OII, contain- 
ing a bivalent carbon atom. With acetyl chloride mercuric fulminate 
yields a com^iound of the formula CHs'COCCNO). In presence of hydro- 
chloric acid the fulminate takes up the elements of water, with formation 
of hydroxylamine and formic acid. It is converted by bromine into a 
compound, Br2C202N2, with the constitutional formula 

Br^C=\— O 

I |. 

Br~C=N— O 


Cyantiric Acid and «soCyanuric Acid. 

262. Cyanuric bromide, CaNsBra, is obtained by the interaction or 
potassium fcrricyanide and bromine at 220°. By heating with water, 
the bromide is convciltKl into cyanuric acid, (CNOII)3, a subshinee 
usually prepared by the action of heat on urea (267). Two scries of 
esters are dcrivtid from this acid, the normal cyanuric esters and the 
iiHicyanuric esters, the first being termed “0-estcrs,” and the second 
“A^-esters.” 

The normal cyanuric esters are obtained by the action of sodium 
alkoxides on cyanuric chloride or bromide. The formation of alcohol 
and cyanuric acid by saponification proves the alkyl-grovip in th<*sc 
esters to be in union with oxygen. For this ivason constitutional 
formula I is assigned to them: 


N 


N-R 

0 

/'\ 


/\ 

/\ 

•C C 

1 1 

:-OR 

oc (^0 

HN:C C:NH 

I 1 

1 1 

N 

1 J 
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1 1 

R-N N-R 

1 1 

0 0 




\/ 

C 


CO 

C:NII 

OR 

I. 


II. 

III. 


The tsocyanuric esters arc produced by heating silver cyanurate 
with alkyl iodides. Their alkyl-groups are attached to nitrogen, for 
boiling such an ester with alkali gives a primary amine and carbon 
dioxide, a decomposition in accord with constitutional formula II- 
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The 0-esters arc formed from alkyl iodides and silver cyanurate at 
the ordinary temperature, but their conversion into the A^-esters by 
heat explains the difference between the product obtained at the ordi- 
nary temperature and that produced at eJevated temperatures. 

Important evidence in favour of the imino-formula for cyanuric 
acid was furnished by Chattawav and Wadmoke’s replacement of 
the metal in potassium cyanurate by chlorine. They regard the com- 
pound formed as (0:C:N-C1)3. 

Formula III, containing imino-groups, possibly represents the 
structure of cyainelide. 



DERIVATIVES OF CARBONIC ACID. 


263 . Carbonic acid, H2CO3 or CO(OH)2, is not known in the free 
state, but is supposed to exist in the solution of carbon dioxide in water. 
It decomposes very readily into its anhydride carbon dioxide, and 
water. It is dibasic, and generally is described with its salts in text- 
books of inorganic chemistry (“Inorganic Chemistry,” 181 ). Some of 
its organic derivatives are considered in this chapter. 


Carbonyl Chloride, COC'h’. 

Carbonyl chloride (phosgene) is prepared by heating chlorine and 
carbon monoxide. An equilibrium, 

Cl2+C0 4=»C0Cl2, 

is attained, corresponding at 505° with about 67 per cent, of dissociation. 
It was named phosgene light; yepvau, to produce) by J. Daw 
in 1811, its formation by this means being thought to be contingent on 
the presence of sunlight, a view since proved to be incorrect. Carbonyl 
chloride is a gas with a powerful stifling odour. The gas liquefies at 
8 - 2 °, the liquid formed freezing at —126°, and having the density 
1 -434 at 0 °. It dissolves readily in benzeme, and the solution is 
employed in laboratory and industrial syntheses. 


At the ordinary temperature carbonyl chloride is decomposed by 
ultraviolet light, especially by the rays of short wave-length, into carbon 
monoxide and chlorine, the mechanism of the process l)eing similar to that 
described in “Inorganic Chemistry,” 78 - Carbon monoxide and chlorine 
also combine under the influence of this light, indicating the attainment of 
an equilibrium. 


The reactions of carbonyl chloride demonstrate it to be the chloride 
of carbonic acid. It is decomposed slowly by water, yielding hydro- 
gen chloride and carbon dioxide. With ethyl alcohol at the ordinary 
temperature its first product is ethyl chlorocarhonaie: 


/ 


Cl H OC 2 H 6 


CO + 

\ci 


/OC2H6 

CO 
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Mow prolonged contact with that alcohol, and also the action of 
sodium ethoxidc, j)roduco diethyl carbonate, CO(OC2H6}2- Ammonia 
replaces the two cJiIorine atoms in carbonyl chloride by amino-groups, 
with formation of the amide of carbonic acid, urea, CO(NH2)2 (266). 
All these reactions arc characteristic of acid chlorides. 

Tlie chlorecarboiiic esters, also Icrniccl cMoroformic esters, are colourless 
liquids of strong odour, and distil without decomposition. 7’hey are 
emidoyed for the introduction into compounds of the group — COOCjIIs 

(235)- 

The carbonic esters also are litiuids, but are eharacsterized by the |)os- 
session of an ethereal odour. They are insoluble in water, and are saponified 
very readily. 


Carbon Disulphide, CS2. 

264. Carbon disxdphide i.s manufactured synthetically by passing 
sulphur-vapour over red-hot carbon. The crude product has a very 
disagi’ocahle odour removable by distillation from fat. The pure 
product is an almost colourless, highly refractive liquid of ethereal 
odour. It is insoluble in water, boils at 40°, and at 20° has the density 
1*262. Carbon di.sulphide is poisonous, and being highly inflammable 
it must be handled with great care. It is an excellent solvent for fats 
and oils, and finds extensive application in the extraction of these 
substances from seeds. It is employed also in the vulcanization of 
india-iubbcr. 

Although (mdothermic, carbon disulphide is a stable compound, and 
resists the action of heat (“Inorganic Chemistry,” 115). Its vapour 
can be exploded by means of mercuric fulminate. The halogens have 
little action on it at the ordinary temperatiu'c; but in presence of a 
halogen-carrier chlorine or bromine can effect substitution, with pro- 
duction of carbon tetrachloride or tetrabromide. 

As an anhydrosulphide carbon disulphide resembles carbon dioxide 
in being the anhydri<le of an acid. With alkali-metal or alkaline-earth- 
mctal sulphides it yields irilhiocarhonates: 

BaS-|-CS2 = BaCS3. 

Barium 

iri thi Gear b ona te 

The barium salt is yellow, and dissolves in cold water with difficulty. 
The addition of dilute acids to its salts gives free trithiocarbonic add, 
II2CS3, as an unstable oil. The potassium salt is employed in the 
destruction of vine-lice. 
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The potassium salt of xanthic acid is formed by the action of potas- 
sium ethoxide on carbon disulphide: 

^C2H5 

CS2+K0C2H5 = CS 

^SK 


This change is effected b> agitating carbon disulphide with a solution 
of potassium hydroxide in absolute ethyl alcohol, potassium xanthate 
separating in the' form of yellow glittering needles. Free xanthic acid 
is very unstable, for within a few minutes of its liberation from its potas- 
sium salt in the form of an oil it begins to develop heat, and then with 
vigorous ebullition decomposes into ethyl alcohol and carbon disulphide. 
This reaction exemplifies the phenomenon of atitocatalysis, for it is 
accelerated by the alcohol as it is liberated. 

Xanthic acid owes its name (^avOos, yellow) to its yellow cuprous stilt, 
produced by the spontaneous transformation of the brownish-black cupric 
salt precipitated from a solution of cupric sulphate by the addition of a 
xanthate. 

Carbon Oxysulphide, COS. 

265. Carbon oxysulphula is a colourless, odourless, inflammable gas: 
and is obtained by the action of hydrogen sulphide on t.secyanic esters, 
2C(). NC2H.'5+H2S = COS+C()(NHC2TT.'5 )i>. 


Its formation from iWothiocyanic esters is mentioned in 260. It is 
produced also by passage of a mixture of carbon monoxide and sulphur- 
vapour through a tube at a moderate heat. 

Carbon oxysulphide is absorbed somewhat slowly by alkalis. It yields 
salts with metallic alkoxidi^s, and these compounds can be regarded as 
derived from carbonates by simultaneous exchange of oxygen for sulphur: 

COS-|-C2H.vOK = CO 

^SK 


Urea, CO< 


NH2 

NH2- 


266. Urea owes its name to its occurrcno.e in urine, as the final 
decomposition-product of the proteins in the body. 

In twenty-four hours an adult excretes about 1,500 grammes of urine, 
containing approximately two ixsr cent. <if urea, the daily production of 
this substance amounting to about thirty grammes. To obtain urea from 
urine, the liquid must undergo a preliminary concentration by <*vaporation. 
On addition of nitric acid, vrea nitrate, CO(NH 2 )s,HNOj, ( 267 ) is pre- 
cipitated. Owing to impurities it has a yellow colour, removable by dis- 
solving the precipitate in water and oxidizing with ixjtassium permanganate. 
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Urea is liberated from the solution of the nitrate by the action of barium 
carbonate; 

2 (C 0 N^H 4 ,HN 0 ,) +BaCO, = 2CON Jl4+BaCN0,)»+H»0+C0,. 

Uroa nitrate 


Solution in concentrated alcohol serves to isolate the organie eompound 
from the mixture of urea and barium nitrate left by evaporation to dryness. 


On account of its formation along with cyanuric acid and cyamclide 
from the chloride of carbonic acid, carbonyl chloride, COCI 2 , urea is to 
be regarded as the amide of that acid. This reaction proves its consti- 
tution (263) : 



NH 2 

NH 2 


Carbonyl 

chloriilc 


^NIl2 

=CO -I-2HC1. 

\NH2 

Urea 


A confirmation of this view of the structure of urea is its formation by 
the action of ammonia on diethyl carbonate. 

Urea is produced by addition of ammonia to isocyanic acid: 



Ammonium isocyanate dissolved in water is transformed into urea 
during evaporation of the solution. By this method Wohler effected 
his classic synthesis of urea by heating a mixture of potassium cyanate 
and ammonium sulphate in solution (i). 

This reaction has an irai)ortant bearing on the history of organic chem- 
istry and ha.s bet;n studied in detail by James Walker and H.\mbly. 
Their researches revealed the occurrence also of the reverse transformation 
of urea into ammonium /.socyanate, for addition of silver nitrate to a solu- 
tion of pure urea in boiling water yields a precipitate of silver cyanate. An 
equilibrium is attained : 

C 0 (NH 2 ), CON.NH 4 . 

Urea Ammonium 

isocyanate 


When this equilibrium is reached, the solution contains a small percentage 
only of isocyanate. It is almost independent of the temperature, proving 
the transformation of the s 3 rstems into one another to be accompanied by 
only slight calorific effect (94). 
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Urea is manufactured as an artificial fertilizer by heating ammonium 
carbonate under pressure at temperatures between 130“ and 140“, each 
molecule of the salt losing two molecules of water : 

C0(()NH4), = C0(NH*)*+2H,0. 

isoCyanic esters are decomposed by water, with formation of 
primary amines and carbon dioxide (259). Contact of the primary 
amine formed with a second molecule of fsocyanic ester induces an addi- 
tion-reaction, with production of a itynimetrical dialkylurea: 

.mm 

CO:NH-l-Il 2 NR' = c1C) 

^NIIR' 

This process is a general method for preparing symmetrical dialkylureas. 

A monoalkylurea is obtained by the action of ammonia, instead of an 
amine, on an u-ocyanic ester. 

^NRR' 

Unsymmelrical dialkylureas , (X) , are prepared by the action of 

fsocyanic acid on secondary amines. The method of ])roccdure is analogous 
to that employed in Woiit.kr^s synthc'sis of urea, and consists in warming 
a solution of the i.secyanato of a secondary amine: 

^NRR' 

CONH-NHRR' = (X) 

^NH* 

The unsymmctrical dialkylureas are converted by 100 per cent, nitric 
acid into nitro-compounds dLscovered by Fiunchimont, and termed 
nitroaminea ( 270 ): 

(CII,)*N- CONII, 

->(CH,)2N.N02- 

+N02- oh 

267. Urea crystallizes in elongated prisms, the crystals resembling 
those of potassium nitrate. They are very soluble in water, and melt 
at 132“. Like the amines, urea forms salts by addition of acids, but 
only to one amino-group. The nitrate, CON2H4,HN03, and the oxalate, 
2C0N2H4,C2H204, dissolve with difficulty in solutions of the correspond- 
ing acids. 
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In some of its reactions, notably in certain condensation-processes, the 

NH 

behaviour of urea corresponds with the structure C — OH. An ether of 

this iso 2 ^r<?a is obtjiinod by addition of methyl alcohol to cyanamide, the 
reaction being facilitated by the presence of hydrogen chloride: 



C +HOCII,=C=NH . 

\nII* 

Cyanamide Methyhxourea 


This method of formation indicates the constitution of the compound. 
A (confirmatory reaction is the? production of methyl chloride by heating 
methyhsourea with hydrogen chloride. This transformation indicates the 
methyl-group not to be in union with nitrogen, for under similar conditions 

ymu 

methylurea, CO , loses methylamine, CIl 3 *Nn 2 . 

^NHCIIa 


When heated, urea melts; it then begins to evolve a gas, consisting 
principally of ammonia, but also containing carbon dioxide; after a time 
th<i residue solidifies. The initial reaction is the loss by two molecules 
of urea of one molecule of ammonia, with production of biuret: 


^NIl2 

CO 


H 2 N, 


\ NHaH I HN 


> 


O = NII2 • CO . NH . CO • NII2 + NII3. 

Biuret 


Biuret is a crystalline substance melting at 190®. When cupric sul- 
phate and potassium hydro.xide arc added to its aqueous solution, it gives 
a characteristic red to violet coloration (“biuret-reaction ”). 

On fui'ther heating, biuret unites with a molecule of unaltered urea, 
eliminating ammonia and forming eyanuric acid (262) : 


h Inh-co-n h • C O NH [ IT I = 

H2N«|C0PnH2 


NH 

od^o 
I . 

HN NH 

N/ 

CO 


+2NH3. 


Like the acid amides, urea is decomposed by heating with bases, 
yielding carbon dioxide and ammonia. 
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Derivatives of Carbamic Acid. 

268. Carbamic acid, NH2*CO‘OH, is the semi-amide of carbonic 
acid. It is unknown in the free state, existing only as salts, esters, and 
chloride. Ammonium carbamate is formed by the union of dry carbon 
dioxide with dry ammonia: 

yOH yOIINIIs 

C02+NH3 = C:;^0 ; -f-NHs^C^O 

^NHa \NH2 

Ammonium 

carbamate 

With an ammoniacal solution of calcium chloride carbon dioxide 

yOca* 

does not yield a precipitate, the calcium carbamate, CO , produced 

'\NH2 

being soluble in water. 

When the salts of carbamic acid are heated in solution, they take 
up the elements of water readily to form carbonates. 

The esters of carbamic acid are termed urethanes. They are 
formed by the action of ammonia or amines on the estei*s of carbonic acid 
or of chlorocarbonic acid: 


/IOC2U5+H NH2 

y'NIIa 

CO 

= CO +C2II5OH 

NiCaHs 

^OCalls 

Diet liyl 
carboniit c 

Urethane 

/ CH-H NHz 

^NH2 

CO 

-*co 

'^OCalls 

Etliyl oh lor 0- 
carboiiatc 

^OC 2 ll 5 


Urethanes are produced also by the action of alcohol on isocyanic esters: 

/OC2H5 

-fHOC2ll5 = C^O 

\NHCH3 

Another mode of preparing urethanes involves the boiling of acid 
azides (97) with alcohol: 

R-C0N,+C2H»0H = R-NHC00C,H»-1-N,. 


.0 


cf 

^NCHa 


♦ ca = iCa. 
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Since the azides are obtained easily from the corresponding acids, and the 
urethanes yield the corresponding amines readilj', the carboxyl-group can 
be replaced by the amino-group: 

R.COOn R.COOCJL -» U-CONHNH. R-CON, -> 

Acid Ester Hydrazidc Azide 

R.NIICOOC2II4 — R-NIIj. 

Urethane Primary 

amine 

Urethanes distil without decomposition. Ordinary urethane, 
, melts at 51 °, and dissolves in water very readily. Boiling 

'\NH2 

with bases decomposes it into ethyl alcohol, carbon dioxide, and 
ammonia. Concentrated nitric acid transforms it into nitroureihane, 
C2H50*C0‘NH‘N02, a substance converted by careful hydrolysis 
into nitroamine, NH2-N02. 


CO 


Guanidine, CH5N3. 


269. Guanidine is formed by the interaction of ammonia and 
orthocarbonic esters, or chloropicrin, C(yl3N02, obtained by nitrating 
chloroform. Probably the change involves the initial addition of four 
amino-groups to the carbon atom, the compound formed losing one 
molecule of ammonia: 


C(0C2H.5)4 C(NH2)4; 

Tetraethyl tirtho- 
carbonate 


/NH2 

-NHs C^NII . 

II2 

Guanidine 


This method of preparing guanidine establishes the constitutional 
formula indicated. Further evidence is afforded by its synthesis by 
heating cyanamide with an alcoholic solution of ammonium chloride: 


Cr -|-NH4C1 = 

\NH2 


/ /NIl2\ 
C^NH HCl. 
\ ^NH2/ 


Guanidine is a colourless crystalline substance, and absorbs moisture 
and carbon dioxide from the atmosphere readily. Unlike urea with a 
neutral reaction, it is a strong base. The strengthening of the basic 
character, occasioned by exchange of carbonyl-oxygen for an imino- 
group, is worthy of notice. Guanidine yields many well-defined 
crystalline salts. 
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Arginine, CtjHi402N4, is obtained from proteins, and is an important 
derivative of guanidine. It can be synthesized by the action of cyan- 
amide on ornithine (243) : 


cool 1 . CH (N 1 1 2) • (( - NH2 + CN2H2 = 

OriiithiiH! Cyananiiclc 

COOH- CHNHa* (CH 2 ) 3 NH 
= ^C:NH. 

NH2 

Ar^^iniiio 


The cyanamide is added at the 4-NIl2-group, as represented in the 
ecjuation, so that arginine is \-amino-A-gimnino-n-valerie acid. 

The muscular tissue of the human body contains about 0.3 per cent, 
of creatine. Its structure is indicated by its synthetic formation from 
niethylglycine or earcosinc and cyanamide: 


/NH2 /CH3 /NII2 

+HN< 

X:H2-C00II ® 


CII 2 -COOH 

Creatine 

TJy elimination of one molecule of water, creatine is converted into 
creatinine, 

xNH 


N<( 

NHHa-CO 

Creatinine 


Nitroamines. 

270. The nitroamines are compounds with a nitro-group having its 
nitrogen atom in union with another nitrogen atom, and they have the 
general formula 

^>N.NO.. 

They have been studied chiefly by Fhanchimont and his students, and 
thejse exixjrimenters have devised various methods for their preparation. 

The preliminary step in the transformation of a primary amine into a 
nitroamine, R*NII*NO*, is to convert it into an acid amide, R'-CO-NH*R. 
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Cooled, absolute 
formula 


nitric acid changes this amide into a compound of the 


R'-CO-N< 


NO2 

R ' 


The acid residue can be eliminated from this substance by the action of 
ammonia. 

Tlie monoalkyluretlianes, R- NTI-CO-OCJIr,, are s])ccially suited for 
nitration and the subse(|uent pn'paration of tiie primary nitroamines by 
the action of ammonia on the products, (luanidine also can be transformed 
readily into nilrotjunnidhi'' , 


HX.T< 


xir-xo. 

XI Ij 


a substance soluble with difficulty in cold water, and therefore precipitated 
on ix)uring its solution in the acid into water. 

The secondary nitroaminc's, H2X*X02, can be prepared from the sec- 
ondary amines by a ]ireliminary transformation by means of cyanic acid 
into un.symmetrical dialkylureas, HiNCO^XH®, followed by the action of 
absolute nitric acid on these products, the CONHrgroup being replaced 
by a nitro-group. 

At the ordinary temperature the nitroamines are partly liquid and 
partly crystalline, but most of them exhibit a marked capacity for crystal- 
lization. Their density is somewhat greater than 1. The primary nitro- 
amin(?s have an acidic redaction, and form salts. Heating induces many 
nitroamines to undergo an explosive decom})osition. 

The (juantitative elimination as nitrous oxide of all the nitrogen of the 
I)rimary nitroamines is effected by warming them with dilute sulphuric 
acid, an alcohol being formed simultaneously. It is jwssible to explain 
this change by assuming the nitroamines to undergo a preliminary tran.s- 
formation into a tautomeric form : 


R-XH-XO, 


R- X:X().OII R.OH+X 2 O. 


On careful reduction the nitroamines yield hydrazines, a reaction indi- 
cating their constitution. 



URIC-ACID GROUP. 


271. Uric arid, C5H1O3N4, derives its name from its presence in 
small proportion in urine, and is the nucleus of an important group of 
urea derivatives. It is relatc'd closely to the urrido-acida and the arid- 
urndes (urcidcfi), these substances being amino-acids and acid amides 
with the urea-residue, NTl2*CO*NTT-“, instead of the NH2-group. 

Alloxan, C4H20.tN2,n20, is an important decomposition-product 
of uric acid, being obtained by its oxidation with nitric; acid, and also 
by other methods. It is mmmdijlurva, for alkalis add two molecules 
of water and produce; ur(;a and mcsox.alic acid: 

CO -Nll-hOIIJI CO-OH NH2 

II II 

CO (’() =(’0 -hCO. 

I I II 

CO — NH-l-OniT (H).()H NH 2 

Alloxiui Mosoxalir acid 


The elimination of tlie molecule of water of crystallization from alloxan 
is as difficult as from mesoxalic acid f 234 ). bike this acid, the anhydrous 
substance is coloured yellow, but the crystalline hydrate is colourless. 

Carbon dioxide and parabanic acid are formed by the oxidation of 

CO— NIL 

alloxan with nitric acid. Parabanic acid has the structure | /OO, 

(X)— NIF 

and may therefore be regarded as oxalylurea. 

Alloxan is converted by reduction into alloxanlim'. 


2C4Hx) 4N:+2H = c: .H«( ) hX4. 


Alloxaiitino 


Alloxantiue is formed also from uric acitl directly by evaporating it to 
dryness with dilute nitric acid. With ammonia it forms a purple-red dye, 
vmrexide, ChHhObN^. The formation of murexide is emi)loy<'d as a test 
for uric acid. Alloxantine <liss«)lves with difficulty in cold water, and 
gives a blue colour with barium hydroxide solution. The constitution of 
these compounds has not been elucidated. 
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Allantoine, C4H0O3N2, is formed in the oxidation of uric acid with 
potassium permanganate, a fact with an important bearing on the 
constitution of this acid. Allantoine has the structure 

ymi • CII— NH . CO • NII2 
CO 

^NH-CO 

Allantoine 


for it can be obtained synthetically by heating glyoxylic acid with 
urea: 

H 


CO 

^NH 

Urea 



Urea 


Glyoxylic acid 

y Nil • CH— Nil . CO • NH2 
CO 

^NH-CO 

Allantoine 


The formation of alloxan and allantoine from uric acid gives an 
insight into the constitution of that acid, the production of the first 

C-N 

indicating the presence of the complex C and that of the second 

C-N^ 

/N-C 

the presence of two urea-residues, with the complex (X I • These 

\NC 

groupings find expression in the structural formula 

NH— CO 

I I 

CO C-NH\ 

I II >co 

NH— C-NH^ 

Uric acid 


This formula accords also with the other chemical properties of uric 
acid. 


The following synthesis affords confirmation of the accuracy of 
the constitution indicated. When heated in alcoholic solution, ethyl 
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sodiomalonate and urea combine to form mahnylurea or barbiturie 
acid: 


/COOCjIIe H*Nv 

NaIIC< + V.() = HaC<' ^0+C2Hf0H+CJI.*0Na, 

\c00C2Hi h,n/ \C()-NH/ 


CO-NHv 


Under the influence oi nitroiiK acid, this substance yields violuric acid, an 
isonitroso-coinpound also obtainable from alloxan and hydroxylamine. 
Rwluction converts violuric acid into aminobarlriluric acid or uramil, a 
substance resembling the amines in adding one molecule of laocyanie 
acid on contact with potsissium cyanatc, forming pseudownc acid: 


yNH-CO 

(X) ^(.’:NOII 

\n 11 -C() 


AUI-CO 


IX • 

“ > 
\NtT-CO 


X 


Violuric acid 


A mi nubarbi turic 
acid 


^NH-CO NHv^ 

CO • 

^NH . C |o H h| NH 

pseudoXJric acid 


pseudoUric acid differs from uric acid only in containing the elements of 
another molecule of water. Roiling with a large excess of twenty per cent, 
hydrochloric acid eliminates this molecule of water as indicated in the 
formula, the process yielding a substance with the constitution assigned 
to uric acid, and identical with that compound. 

Uric acid dissolves with difficulty in water; but it is soluble in 
concentrated sulphuric acid, and is precipitated from the solution by 
addition of water. It forms two stiries of salts, by exchange of either 
one or two h3'drogen atoms for metals. Normal sodium urate, 
(.-5H203N4Na2,TT2f), i« much more soluble in water than sodium 
hydrogen urate, 2(’6ll303N4Na,Tl20. Normal lithium urate is mod- 
erately soluble in water. 

Uric acid is present in urine, an adult prodticing about one gramme 
in twenty-four hours. It is the principal constituent of the excrement 
of birds, reptiles, and serpents; and can be prepared conveniently 
from serpent-excrement, which contains about 90 per cent, of the acid. 
In ctsrtain pathological diseases of the human organism such as gout, 
uric acid is deposited in the joints in the form of sparingly soluble 
primary salts. On account of the solubility of lithium urate, lithium 
hydroxide is prescribed as a remedy. 

272. Compounds with the same carbon-nucleus as uric acid occur 
in nature, partly in the animal world and partly in the vegetable 
kingdom. Among the animal products are hypoxanthine, C5H4ON4; 
xanthine, C6II4O2N4; and guanine, CsHsONs. The second class 
includes the vegetable bases theobromine, C7H8O2N4; and caffeine, 
C8H10O2N4. To rationalize the nomenclature of these substances 
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and that of other members of the group, Emil Fischer regarded them 
as derivatives of 'purine (273), its carbon atoms and nitrogen atoms 
being numbered as indicated in the formula 

iN=0CH NH 


I I 

HC2 ftC-^NII 

II II 

»N (>N^8 

4 0 


or 


8f 


N 


Xanthine, thco])romino, and caffeine havt; the 
formuljK and rational names: 


N 

following structural 


NH— CO 

I I 

CO CJ— Nil 


NH— C- 


-N 


> 


cn 


NII- 

I 

CO 

I 


-CO 

C— N(CIl3) 


N(CH3)— c- 


^;h’ 

N^ 


Xanthine or 2: 6-«lioxypvirinc 

N(CIl3)— CX> 


Dimcthylxanthine, theobromine, or 
3: 7-tiiiiiethyl-2; 6-(Jioxypurme 


I 

CO 


NCCHs) 


Trinicthylxunthine, caffoiiio, thriue, 

or ! : 3 : 7 -(ii metbyl- 2 : G-dioxypurine 


N(CH3)— c- 


Theobromine and caffeine arc formed by the introduction of methyl- 
groups into xanthine. 

Xanthine, Csri402N4, is present in all the tissues of the human body. 
It is a colourless powder, soluble with difficulty in water, and possessing a 
weak basic character. Its oxidation yields alloxan and urea. 

Theobromine, C7IIJ1O2N4, is ])repared from cocoa. It is only slightly 
soluble in wat(T, and is converted by oxidation into monornethylalloxan 
and monomethyluren. 

Caffeine or theine, C8II10O2N4, is a constituent of coffee and tea. It 
crystallizes with one molecule of water in long silky needles, and is moder- 
ately soluble in water. Usually it is prepared from tea-dust. Its careful 
oxidation yields dimeihylalloxan and monmnethylurea. 

The position of the methyl-groups in theobromine and caffeine is indi- 
cated by the formation of these oxidation-products. 

There is an evident resemblance between the constitution of uric 
acid and that of xanthine: 


NH— CO 


NH— CO 


CO C— NHv ; CO C— NH. 

I II I II \cH 

NH— C— NH/ NH— C 

Uric acid Xanthine 
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These formulae indicate the possibility of obtaining xanthine by the 
reduction of uric acid, and up to the year 1897 numerous unsuccessful 
attempts were made to prepare it by this method, a reaction ultimately 
effected by Emil Fischeb in that year. lie discovcn;d several methods 
of converting uric acid into xanthine and its methyl-derivatives, includ- 
ing one now available for tht; manufacture of the therapeutically 
important bases theobromine and caffeine. 

273. Direct replacement of oxygen in uric acid by hydrogen does 
not seem possible, but Emil Fischer substituted chlorine for oxygen 
by means of phosphorus oxychloride. Various methods of replacing 
the chlorine atoms in these halogen derivatives by other groups or 
atoms have been devised. 

When uric acid reacts with phosphorus oxychloride, the first 
product is fi-oxy-2:6-ddchloropurine. Further careful tn?atmcnt with 
the same reagent converts this substance into 2:0:8-trichloropurine: 


N==(:—OII 

I I 

HO-C C— NHv 

II 11 >C.OII 
N— 

Tautoiueriu form of 
uriu arid 


N==(JC1 

I I 

Cl-C C— NIIv 

II 11 >C-C1 

N— -N^ 

2: 0: 8-Trirhloropurino 


The behaviour of uric acid in this reaction accords with the tautomeric 
(235) formula of trihydroxypurine, the phosphorus oxychloride replac- 
ing the hydroxyl-groups with chlorine atoms in a normal manner. 

At 0° in presence of hydrogen iodide and phosphonium iodide, tri- 
chloropurinc changes into di-iodopurine: 

C5HN4CI3+4HI = CMIaN 4I2+3HCI +21. 


Reduction of the acjueous solution of tli-iodopurine with zinc-dust 
yields purine, a white crystalline substance melting at- 21(}'’-217“, ami very 
readily soluble in water. It has a weak basic character, but docs not turn 
red litmus blue. 

Xanthine is obtained from trichloropurine by the following process. 
Chlorine atom 8 in this compound is very stable towards alkalis, 
whereas chlorine atoms 2 and 6 are displaced wdth comparative ease. 
Trichloropurine reacts with sodium ethoxidc, replacing chlorine atoms 
2 and 6 by ethoxyl-groups. Heating the compound obtained with a 
^Qlutiop of hydrogen iodide replaces the ethyl-groups by hydrogen, 
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chlorine atom 8 being exchanged simultaneously for a hydrogen atom, 
with formation of xanthine: 


N=C.0C2H5 


N=C-OH 


C2H60-C C-NH 

>C.CI 
N-C-N 

2: 6-Diethoxy-8-rhloropurine 


HO-C C— NH - 
>CH 
N~0— N 

Xanthine (tautomeric form) 


NH— CO 

I ! 

CO C— NH 


NH-C-N 

Xanthine 


>CH 


When 2:(i-dicthoxyS-chloropunne is heated with hydi-ochloric acid, 
only the ethyl-groups arc replaced by hydrogen, with production of a 
compound of the formula 


IIN-CO 

I 1 

c:0 C— Nil 



HN— C— N 


I 


the tautomeric enolic form changing to the ketonic modification. On 
methylating this substance, its thrcj? hydrog(*n atoms are exchanged 
for methyl-groups, yielding chlorocaffeine, a substance convertibkj by 
nascent hydrogen into caffeine. The process affords a means of pre- 
paring caffeine from uric acid. 

Emil Fischer discovered a very characteristic and simple mode of 
effecting this methylation. It involves agitation of an alkaline aqueous 
solution of uric acid with methyl iodide, the four hydrogen atoms being 
replaced by methyl-groups and a tetramelhyluric acid formed. With 
phosphorus oxychloride, POCI3, this derivative yields chlorocaffeine: 

3C503N4(CIl3)4-HP0Cl3=3C502N4(CII;,)3Cl+P0(0CTT3)3. 
Chlorocaffeine can be converted by nascent hydrogen into caffeine. 



SECOND PART. 

CYCLIC COMPOUNDS. 

IHTRODTCTION. 

274. With only few exceptions, the compounds described in the 
first part of this book contain an open chain. Examples of these 
exceptions are cyclic compounds such as the lactones, the anhydrides 
of dibasic acids, and the uric-acid group. The cloised chain of such 
compounds becomes opened very readily, and the close relationship of 
their methods of formation and properties with those of the open- 
chain derivatives makes it desirable to include them in a description of 
the aliphatic compounds. 

There exists a large number of substances containing closed chains 
of great stability towards every kind of chemical reagent, and with 
properties differing in many important i*cspocts from those of the ali- 
phatic compounds. They arc termed cyclic compounds, and arc 
classified as follows: 

A. Carhocydic compounds, with a closed ring of carbon atoms only, 
subdivided into 

1. Alicyclic compounds, such as the cr/ctoparaffin derivatives or 
cyclancs (121), and 

2 . AromaMc compounds, or benzene derivatives. In this class arc 
included the compounds with condensed rings, or two closed chains 
with atoms common to each. The typical representative of this type 
of condensed ring is naphthalene, CioHjj, with two benzene-nuclei. 

B. Heterocydic compounds, with rings containing carbon atoms and 
one or more atoms of another clement. This class is exemplified by 
pyridine, CsIIsN, and its derivatives, with a ring of five carbon atoms 
and one nitrogen atom; furan, C4II4O, with four carbon atoms and 
one oxygen atom; pyrrole, C4H5N, with four carbon atoms and one 
nitrogen atom; thiophen, C4H4S, with four carbon atoms and one sul- 
phur atom; pyrazoU, C3TI4N2, with three carbon atoms and two nitro- 
gen atoms; and numerous other combinations. 
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Two dissimilar rings also can have atoms in common, as in quinoline, 
C9H7N, with a benisene-nucleus and a pyridine-nucicus. 

Numerous derivatives of all these compounds being known, the 
scope of the cyclic division of organic chemistry is much more extended 
than that of the aliphatic division.* The description of the cyclic 
group is, however, simplified greatly by the recurrence of the properties 
of alcohols, aldehydes, acids, etc., already described for the aliphatic 
compounds. 

* Its wide range is indurated by the fact that about 400 ring-systems have been 
described. 




A. CARBOCYCLIC COMPOUNDS. 


1. ALICYCLIC COMPOUNDS. 


275. The most important methods for the preparation of alicyclic 
compounds will be indicated. 

The first method consists in the interaction of dibromoalkanes with 
terminal bromine atoms and <liethyl disodiomalonate to yield cyclo- 
propane derivatives and cyclofonfane derivativ s: 


CII2 

I 

CTIi. 


Hr 

Hr 


-f Naa 


('Ha 

V/ =2NaBr+ 

^COOC'all.^, 


('Hav /(X)()H (^Has 

I >(\ 

(^Ha^ ^('OOH 

<Vyf7oPropylc*arb()xylio jifMci 


I 

.^Ha^ \(^ 

V /1.12V 

I V/H-rOOH; 

CHa^ 


(7()OCaH.5 

()OCaII.5 


CITa 

I 

CTIa 

I 

CHa 


Br 


-f-Naa 


Br 


CHa 

/\ 

C(C()()Can5)2 = Cn2C(COOCaIb>)2 +2NaBr. 

\/ 

CHa 

I. 


From each molecule of the dibasic acid obtained by the saponification of 
the ester marked I heat expels one molecule of carbon dioxide (164), 
yielding cyclgbutylcarboxylic acid. 

276. cycloJSu<ane is forniod from this acid by a method applicable to the 
preparation of other hydrocarbons. The acid amide (I) is converted by 
the method of 259 into cyvXohulylamine (II). With excess of methyl iodide 
this amine yields the iodide; of the quaternary ammf)nium base III, a 
substance conveirtible into the free base. Dry distillation decomposes it 
(66) into trimethyLarnine, water, and e//r/obutene (TV) : 

CII2— CII-CONH, CII2— CH-NH. 

I. I I II. I 1 

CH*— CH2 CH*— CH* 

CH2— CH-N(CH,),OH CII2— CH 

-^III. I I =IV. I II -bN(CH2),+H,0. 

CH,— CII, CH,— CH 
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Careful reduction with hydrogen and nickel converts eyefobutene into 
eyeZobutane. 

CII,— CHOH 

'J’Jip main iwoduct of the oxidation of cyclofcw/anoZ, j | , 

CH*— CH, 

CH.. H 

is cyclopropanal, | ^CH*C^v, cyclobtUanone also being formed. 

CII2/ 

This reaction is remarkable as an illustration of the transformation of a 
ring of four carbon atoms into one of three carbon atoms. The converse 
change of a cycZobutyl-ring to a rycZopentyl-ring is exemplified by digesting 
CII*— CII*CH,OH 

eychibutylcarbinol, | | , with concentrated hydrogen bro- 

CH*— CH* 

mid(;, tlm corresponding bromide being formed. This halide is trans- 
formed by nascent hydrogen into eyeZopentane, instead of mcZAyZcyclo- 
hutnne. 

277. The second method of preparing alicyclic compounds furnishes 
a very general means for the production of cyc\oalkanones. It involves 
the dry distillation of salts of the dibasic acids with terminal carboxyl- 
groups. The process renders possible the formation of ring-systems 
having between five and twenty-nine carbon atoms in a closed chain. 
By this reaction calcium adipate or butanedicarboxylate yields cyclo- 
pentanone: 

CH 2 • CH 2 • CO • 0\ CH 2 • CH 2 \ 

1 I >Ca = CaC 03 -M >CO. 

0112 -Cl 121- CO iV CH2-CH2/ 

Calcium adiputr Pentanone 


Formerly calcium salts only were employed for this purpos'', but 
the yields of the higher derivatives from cyclononanone onwards were 
very poor. By substituting thorium salts Huzicka has been able to 
obtain satisfactory yields of the eyeZoketones. 

The structure of eyeZopentunone is indicated by its oxidation to glutaric 
acid: 

CH*.CHsv CH*.CII*.COOH 

I )>CO-> i 

CHj-COOH 

Glutaric acid 

This icaction presents a contrast to the oxidation of a straight-chain 
ketone to two acids. The possibility of the compound being an aldehyde 
is excluded by the failure to oxidize it to a monobasic acid with the same 
number of carbon atoms. 
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cj/cioPentanbne is a liquid of peppermint-like odour, but the higher 
members of the series are solids resembling camphor in appearance. 
Those having a ring of between fourteen and eighteen carbon atoms are 
characterized by an odour of musk ; and Ruzicka has isolated from 
civet cyclodecenone, C 17 H 30 O, an unsaturated eyeZoketone. On addi- 
tion of two hydrogen ator -s it becomes identical with cyc\oheptadecan- 
one, a eyeZoketone obtained by dry distillation of thorium hexa- 
decanedicarboxylate-l : 16. The odoriferous principle of rnusk is 
named mitscone. It is optically active, and its structure is 1-methyl- 
cyclopentadecane-Z-one. 

278 . A third method of preparing alicyclic compounds is that of 
Dkmjanov, whereby a compound of this type can lie converted into 
another with an additional carbon atom. The process can be exempli- 
fied by the transformation of cycZohexylmethylamine (I), a substance 
characterized by the remarkable property of yielding a stable nitrite (II) : 


(CH2)5>CH-CH2-NH2-N02H. 

II. 

Boiling in acetic-acid solution eliminates nitrogen and water and 
transforms these nitrites into the alcohols of the next higher ring-system : 

(CH2)5>CH.CH2-NH2*N02H (CH2)6>CH0H. 

The conversion into suberone by oxidation of the alcohol formed from 
cycZohexylmethylamine demonstrates the course of this reaction. By 
these means it is possible to ascend from eyeZopropane derivatives to 
cycZooctane derivatives. 

The first step in the preparation of the amines required for this process 
is the addition of an equimolecular proportion of hydrogen cyanide to a 
cycZoalkanone. Thionyl chloride, SOCI2, eliminates water from the 
hydroxycarbonitrilo formed, yielding an unsaturated c^cZocarbonitrile. 
Nascent hydrogen adds two hydrogen atoms at the double bond, simul- 
taneously changing the cyano-group to a CHjNII»-group: 



(CH2)„ CO 

I J 


f 

(CII 2 ),. 


C< 


OH 

CN 


I 

(CH 2 )n-i C-CN 

I I 


(Cn2)n CH-CIL-NH*. 

L I 


279. The cyclic hydrocarbons, CQH2n, from cyclopropane to cycloocZane 
have been isolated. The table contains a comparison of some of their 
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physical constants with the corresponding constants of the normal hydro- 
carbons of the saturated series C11H211+2, and with those of the unsaturated 
scenes, CnH2n- 


Number 

of 

CnHaiw 2* 


CiiH2n3 

Unsaturated. 

Cnlhn, Cyclic. 










• 





Carbon 

Atoms. 

Boiling- 

point. 

Density. 

Boiling- 

point. 

Density. 

Boiling- 

point. 

Density. 

T>^\ 

3 

-45'^ 

0-536 

(0°) I 

- 48-2° 


m.-35° 


4 

r 

0-600 

(0“) 1 

- 5° 


11 ° 12° 

0-7038 

5 

36-3° 

0-627 

(14“) 1 

35" 

0-648 (0°) 

49° 

0-7635 

6 

68 -0° 

0-658 

(20°) ! 

68 ° 

0-683 (15°) 

81° 

0-7934 

7 

98-4° 

0-6S3 

(20°) 1 

98° 

0-703 (19-5°) 

117° 

0-8252 

8 

12,5-6° 

0-702 

(20°) 

124° 

0-722 (17°) 

117° 

0-850 


The saturated cyclic hydrocarbons have higher boiling-points and much 
higher densities (about ()-12) than their iinsaturatod isomerides. The 
saturated hydrociarbons contain two hydrogen atoms more than tlu^ cor- 
responding alkenes. The members of those two series with the same 
number of carbon atoms have almost the same boiling-points, but- their 
densities are about 0-02 Iowct. 

The molecular volumes of the unsaturated compounds are appreciably 
higher than those of the corresponding isomeric cyclic derivatives. For 
hexene the molecular volume is 123-0, and for cyclohexnxiG 106*4. The 
presence of a double bond obviously augments the volume considerably. 

280. Ring-systems with three to five carbon atoms an; under positive 
strain, the* angle between two affinity-directions being smaller than that 
normal for a carbon atom not in cyclic combination (167). As a conse- 
quence all the carbon atoms of such systems can lx; situated in the same 
plane. For a ring-system containing six or more carbon atoms lying in 
the same plane the strain is negative, the angle being greater than the 
normal. Whilst the positive strain of ring-systems with three to five car- 
bon atoms keeps these atoms in the same plane, the negative strain of 
larger ring-systems tends to induce distortion of the polygon, the position 
of all carbon atoms in the same plane being unstable. 

By assuming not all the carbon atoms to be situated in the same plane, 
it is possible to visualize for such ring-systems polygons free from strain. 



Fig. 66. — Examples of Sachse’s Models for c^eZr^HEXANB. 
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It is years since Sachse constructed for cyclohexane strainless models 
exemplified in Fig. 66 . 

The impossibility of assuming all the carbon atoms to lie in the same 
plane applies equally to Ruzicka’s cyc/oketones with ring-systems up to 
thirty carbon atoms. Such an arrangement would n'lider the systems 
very unstable, whereas he dt'inonstrated them to be characterized by great 
stability. This proiKjrt’' is (ixemplified ^by th (5 capacity of the higher 
cyclanes to withstand lu'ating with concentrated hydrogcai iodidcj at 250“, 
and by that of the cycloketom's to resist hydrog(*n chloride at 190“, neither 
type of ring-system undergoing rupture. The assumption of this tyiMJ of 
configuration would demand the possibility of each monosubstitution- 
product existing in two isomeric forms, as well as a much greatc^r number of 
higher substitution-products than have be(‘n discovc'rcd, but this objeetion 
has b(K‘n countered by a suggestion made by Moim. According to his 
view th(‘se configurations should not be regarded as unchanging, but as 
continually undergoing tran.sformation from one into another, the ring- 
system being in a Jluctmting condition. An experimental i)roof in support 
of Mohr’s theory is given in 364 . 

In studying the refraction of the cyclanes and their derivatives, 
Eykman found the difference between their molecular refractions and those 
of the corresponding saturated compounds with the formula CnHanc^ not 
constant, but dependent on the number of carbon atoms in the nucleus, 
and also on the presence or absence of side-chains. The smaller the number 
of carbon atoms in the nucleus, the greater is the molecular refraction of 
isomerides, and its value is still higher in substances with a double bond. 
The most probable exjdanation of this phenomenon is the strain charac- 
teristic of these ring-systems ( 120 ). The doubh* linking involves the 
greatest strain, the carbon bonds being defl(^(!ted from the normal position 
to the extent of 54° 41'. For a ring of three carbon atoms the deflection 
is 24° 44', for a ring of four carbon atoms 9° 34', and for a ring of five car- 
bon atoms only a few minutes. 

The refraction nuithod affords a valuable aid in ascertaining the nature 
of the ring-systems present in compounds. 



2. AROMATIC COMPOUNDS. 

General Properties. 

281. Certain substances found in the vegetable kingdom are charac- 
terized by the possession of an agreeable aroma, examples being oil 
of bitter almondii, oil of airaway, oil of cumin, balsam of Tolu, gum- 
benzoin, and vanilla. These vegetable-products consist principally of 
substances of somewhat similar character, but differing from the 
aliphatic compounds in containing much less hydrogen in proportion 
to the other elements. This divergence is illustrated by cymme, 
C10H14, from oil of caraway; toluene, C7H8, from balsam of Tolu; 
and benzoic acid, C7H6O2, from gum-benzoin. The corresponding 
saturated aliphatic compounds with the same number of carbon atoms 
have the formula C10H22, C7ni6, and C7H14O2. 

Before the nature of the so-called aromatic compounds had been 
closely investigated, it was customary on account of their external 
similarity to regard them as members of a single group, just as ordinary 
butter and " butter of antimony,” SbCls, were classcid together because 
of their similarity in consistence. This method of classification is 
still adopted for compounds with analogous properties, but of imper- 
fectly understood constitution, such as the bitter principles, some 
vegetable alkaloids, and many vegetable dyes. 

A closer study of the aromatic compounds has revealed the old and 
somewhat arbitrary classification according to external resemblance 
to bo well founded, for all these substances can be considered deriva- 
tives of one hydrocarbon, benzene, CelTc, just as the aliphatic com- 
pounds can be regarded as derived from methane, CH4. An example 
is the oxidation of toluene to benzoic acid, and the conversion of its 
calcium salt into benzene by distillation with lime. The dibasic tere- 
plithalic acid, 0811604, is formed by the oxidation of cymene, and can 
be transformed similarly into benzene. 

The derivatives of benzene are therefore known as aromatic com- 
pounds. In addition to the property of being convertible into benzene, 
they possess certain other noteworthy characteristics, the more impor- 
tant being described in the next section. 
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282. The saturated hydrocarbons of the aliphatic series are not 
attacked by concentrated nitric acid or sulphuric acid, and only to 
a small extent by oxidizers, but their halogen-substituted derivatives 
react with great ease. The aromatic hydrocarbons differ from the 
aliphatic hydrocarbons in all these respects. 

1. The aromatic hydrocarbons are attacked readily by concentrated 
nitric acid, with formation of nitro-compounds: 


CoHs- TT-I-HO 


•N02 = C«H5-N02+Tl2(). 

Nitrobenzene 


These substances reduce to amino-derivatives, and consequently are 
true nitro-cornpounds. 

2. With concentrated sulphuric acid the aromatic compounds yield 
sulphonic acids: 


CcHs- |ll+HO| •S0:JI = CfJTf,.80sTl+H20. 

Bcnzeiiesiilphonic acid 

The sulphur of the sulpho-group is united with a carbon atom of the 
bcnzcnc-nucleus, for thiojjhenol, (’cHs-SH, also oxidizes to benzene- 
sulphonic acid : 

C«Hs-SII -> Cells -SOall. 

3. The aromatic hydrocarbons with side-cliains arc oxidized with- 
out difficulty to acids, the whok? side-chain usually being eliminated as 
far as the carbon atom in union with the nucleus, with formation of 
carboxyl. 

4. Chlorobenzene and bromobcnzenc have their halogen atoms so 
firmly attached to the, phenyl-group, C^eH-}, as almost to be incapable of 
taking part in double decompositions w’ith such compounds as metallic 
alkoxides, salts, and so on. 

Syntheses from Aliphatic Compounds. 

Certain s3mtheses of aromatic substances from aliphatic compounds 
are cited here, and other examples are given in the chapter on hydro- 
cyclic derivatives (363 and 364). 

1. When the vapours of volatile aliphatic compounds are passed 
through a red-hot tube, aromatic substances arc among the products. 
The condensation of acetylene, C2H2, to benzene is a typical example, 
although passage through a red-hot tube transforms l>enzone- vapour 
into acetylene, proving both reactions to be incomplete. Besides 
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benzene, other aromatic compounds also arc formed. A synthesis of 
benzene from carbon monoxi<lc is de.scribcd in 337* 

2. Sulphuric acid converts acetone into mesitylene, or 1:3:5- 

trimethylbcnzene (285) : 

3 C’:,HeO- 3H2O = C9TT12. 

Other ketones (!ond(‘nsc similarly to aromatic hydrocarbons. 

3. This type of reaction is exemplified further by the syntheses of 
cyclohexane, phloroslucinol, and incllitic acid. 



BENZENE AND THE AROMATIC HYDROCARBONS WITH 
SATURATED SIDE-CHAINS. 


Gas-manufacture and its By-products: Tar. 

283. The aromatic hydrocarbons arc obtained technically by the 
dry distillation of coal in retorts raised to a red heat. The products 
are gas, employed for lighting and heating; tar, containing the hydro- 
carbons; and coke, remaining in the retorts. 

In recent years important investigations as to the composition of coal 
have been made, and Iiavc proved it to consist mainly of black masses of 
substances with the humus character, produced by the decay of the remains 
of plants containing cellulose. There are also present resinous bodies 
extractible by pyridine and other solvents, the process of dry distillation 
converting these products into tar. 

The corn|X)sition of the racuum-lar obtained by the distillation of coal 
in vacuo is quite dilTorent from that of the (,ar prfxluced at ordinary pressure, 
for it contains a very small proportion of aromatic hydrocarbons and a 
large proportion of both saturated and unsaturated rj/efoparaffins. When 
pjussecl through a red-hot tube filled with coke, these paraffins yield a tar 
in all respects similar to that protluced in gas-manufacture. The process 
probably involves two stages: 

1. At a low temperature the resinous constituents of the coal decompose, 
forming cj/ctohydrocarbons; 

2. At a higher temperature these hydrocarbons undergo transforma- 
tion into gas and ordinary tar. 

Tar is a thick black liquid with a characteristic odour. Its colour 
is due to suspended particles of carbon. It is a complex mixture of 
neutral, acidic, and basic substances. The first are principally hydro- 
carbons, chiefly belonging to the aromatic scries. Between 5 and 
10 per cent, of the tar consists of naphthalene, and between 1 and 
1 • 5 per cent, of a mixture of benzene and toluene. Phenol (294) is the 
principal acidic constituent of tar. Basic substances arc present only 
in small proportion, the chief being pyridine, quinoline, and their 
homologucs. 

The technical separation of the tar-products is effected partly by 
chemical means, and partly by fractionation. The first operation is to 
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distil the tar, a considerable proportion remaining in the retort as a 
black, cither soft or somewhat brittle mass, knov/n as pitch. The dis- 
tillate is submitted to fractional distillation, four fractious being 
obtained; 

1. Light oil, between 80" and 170® with a density from 0*910 to 
0*950. 

2. Middle oil, or carbolic oil, between 170® and 230°, with the 
density 1*01. 

3. Heavy oil, or ereosotc-oil, between 230® and 270®, with the 
density 1-0-J. 

4. Green oil or anthracene-oil, above 270°, with the density 1*10. 
The light oil (!ontains benzene and its homologues, these substances 
being separabhi by further fractionation. Only a limited iiumber of 
the homologues of benzene is present in the light oil. They consist 
principally of toluene or methylbenzenc, and xylene or dimethylbcnzenc. 

Benzene and its Homologues. 

284. The homologues of benzene can be prepared by the method of 
Wurtz-Fittig, and by that of Frikoel and CRArrs. 

1. Tlie Wurtz-Fittig synthtisis involves the intcracition of either 
bromobenzenc, or in general a hydrocarbon with bromine in the nucleus, 
and an alkyl bromide or iodide in presence of sodium (29) : 


CoHs 

+ 


Br -1- Br CalTs^CcHr,— C2Tl5+2NaBr. 

Na Na Ethylbenzene 


Sometimes a series of by-products is obtained, among them paraffins 
and diphenyl, Culls* Cellr.- With the higher normal primary alkyl iodides 
the yield of alkylbenzene is very gt)od. 


2. Friedel and Crapts’s synthesis is peculiar to the aromatic 
series, and depends on a remarkable property of aluminum chloride. 
This substance is obtained by the action of dry hydrogen chloride on 
aluminium-foil. On bringing it into contact with a mixture of an 
aromatic hydrocarbon and an alkyl chloride, clouds of hydrogen 
chloride are evolved, and hydrogen of the nucleus is exchanged for the 
alkyl-group: 


Cells * IT + Cl CHa = C0H5 * CH3 -t- HCl. 


Usually in the .synthesis of Fribdel and Crafts more than one alkyl- 
group is introduced, the monosubstitution-products and the higher sub- 
stitution-products being formed simultaneously. The mixture can be sep- 
arated by fractional distillation. 
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This reaction constitutes a method both for the building-up and break- 
ing-down of a hydrocarbon. Toluene, CeHfCH*, reacts with aluminium 
chloride to yield benzene, CeH*, and xylene, C«H4(CHa)*. The alkyl- 
groups of one hydrocarbon ere exchanged for the hydrogen of the other. 
The transformation can be .ffected also by the action of concentrated 
sulphuric acid on aromatic hydrocarbons with a number of side-chains. 

There are many different types of the reaction of Fkiedel and 
Ceafts, and there has been much diversity of opinion as to its 
mechanism. Sometimes only a veiy small proportion of aluminium 
chloride suffices; in other reactions there must be at least one 
molecule of the chloride for each molecule of the reacting substance. 
TioESEKEN regards the process as one of simple catalysis, having 
proved reactions requiring a large excess of aluminium chloride to 
be attended by a combination between it and th(? other reacting 
substances, most of the aluminium chloride l>cing rendered unreactive 
by the union. 

3. By heating an alcohol, an aromatic hivdrocarbon, and zinc 
chloride at temperatures between 270° and 300°. The zinc chloride 
acts as a dehydrator: 

CoHs I H ^’( ) ’ . C.,H, 1 = CrMr, • C’sHn + IhO. 

The following reactions also are available for the preparation of 
both benzene and its homologues: 

4. Like the saturated aliphatic hydrocarbons, the aromatic hydro- 
carbons are obtained by the distillation with soda-lime of the calcium 
salts of the aromatic acids (83); 

CcHr,* fc 02 ca*+ca 0 ' H = CoHe+CaCOa. 

5. Benzene and its homologues can be obtained by heating the 
sulphonic acids with sulphuric acid or hydrochloric acid, the decom- 
position being facilitated by the introduction of superheated steam: 

C6H3(CH.02 |^H+H0 | H = C,.Il4 (CH3)2 + H2S04. 

This method can be employed in the separation of the aromatic hydro- 
carbons from the paraffins. Warming wth concentrated sulphuric acid 


• ca « iCa. 
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(ionverts the aromatic derivatives into sulphouic acids solul)le in water, 
the paraffins being unaffected and insolul>le in water. By this means a 
mechanical separation is possible. 

This method can be applied also to the separation of the aromatic 
hydrocarbons from one another, some of them being converted into sul- 
phonic acids more readily than others. 

285 . Benzene and the aromatic hydrocarbons with saturated side- 
chains are colourless highly refractive substances, liquid at the ordi- 
nary temperature, and possessing a characteristic odour. They arc 
immiscible with water, but mi.v in all proportions with, strong alcohol. 
Some of their physical properties are indicated in the table: 


Name. 


Benzene 

Toluene 

rn-Xylene 

Mesitylenc 

Ethylbenzene 

i-soBropylbenzene (Cumene) . . 
p-Motnyb‘.wpropylbenzene 1 . . . 

(Cymene) / . . . 


Formula. 

Boiling- 

point. 

CJIe 

80- 4 

CJI5-CII., 

110" 

TT 1 

UH4<cn, 3 

uvr 

C«II.,(CH3)., (l:3:r.) 

104'^ 

CeHs-CvHs 

13tr 

C«H6-CII(CII.,)2 

i5;r 

TT 1 

^«”^<CH(CH3)3 4 

175" 


Density. 


0-874 (20°) 

0-869 (16°) 

0-881 (0°) 

0-865 (14°) 

0-883 (0°) 

0-866 (16°) 

0-856 (20°) 


Usually the boiling-points of the isomeric benzene derivatives arc 
very close together, but the melting-points display wide divergences. 
It is an almost invariable rule throughout the entire aromatic series for 
the para-compound to have a higher melting-point than the meto- 
compound and the ortAo-compound. 

Benzene W'as discovered by Faraday in 1825 in a liquid obtained 
from compressed coal-gas. Its sfdid form melts at 5-4°. 

Xylene, or dimethylbtmzcne, exists in three isomeric forms. m-Xylene 
is the principal isomcride in tar, constituting between 70 and 85 per 
cent, of the .xylenes present. 

Tho isomeric xylenes are separable with difficulty, for their boiling- 
jxjints lie very close together. That of o-xylene is 142°, while m-xylene 
boils at 139°, and p-xylene at 138°. This similarity makes their separa- 
tion by fractional distillation impracticable, but it can be effected by 
sulphuric acid at the onlinary t<*mp(*rature. ?rt-Xylene and o-xylene dis- 
.solv(‘ as sul phonic jicids, p-xyhuie remaining undis.soIved. The sul phonic 
acid of the mcto-compound and that of the or(Ao-compound can be sepa- 
rated by fractional crystallization of their sodium salts, the orfAo-salt 
crystallizing first. 
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Cymene, C10H14, is related closely to the terpenes CioHie, and to 
the camphors CioHieOj for it can be obtained from them. Cymene is 
a constituent of certain essential oils, such as oil of caraway, oil of 
thyme, and oil of eucalyptus. It is obtained in large quantities from the 
terpenes present in the coniferous woods employed for the production 
of cellulose (228) by the sub)hite-process. 

Constitution of Benzene. 

286. As stated in 281, all tin; aromatic compounds are convertible 
into benzene. The discovery of this relationship by Kekui.6 brought 
into prominence the question of its constitution. Its formula, CeHe, 
contains eight hydrogen atoms less than that of the saturated paraffin 
with six carbon atoms, hexane, C’6Hi4. Benzene, like other hydro- 
carbons poor in hydrogen, such as C6H12 and C’cHio, might be supposed 
to contain multiple carbon bonds, but its properties do not admit of 
this assumption. Compounds with a multiple carbon bond readily 
form addition-products with the halogens, are very sensitive to oxidizers, 
and react easily with von Baeyer’s reagent (113); but benzene lacks 
these properties. It yields halogen addition-products very slowly, 
wlniroas compounds with a multiple carbon bond form them instan- 
taneously. Benzene therefore cannot contain multiple carbon bonds, 
and the carbon atoms in its molecule must be united in a special manner. 

Comprehension of the mode of union of the benzene carbon atoms 
involves a knowledge of the relative distribution of its hydrogen and 
carbon atoms. Two facts suffice to determine it. First, isomerides of 
the monosul}stilution-products of benzene are unknown. Second, the 
disubstitution-producls exist in three isomeric forms. Accordingly, there 
is only one rnonobromobenzene, C 6 H.>iBr; but three dibromobenzencs 
are known, distinguished by the prefixes oi’tho, vieta, and para. 

The equivalence of the six hydrogen atoms of benzene (359) follows 
from the first of these facts, repla(;enient of any one of them yielding 
the same monosubstitution-<product. Three formulae with the six 
hydrogen atoms of equal value are possible for benzene: 

I. C 4 (CH 3 ) 2 ; II. C 3 (CH 2 ) 3 ; III. (CH)6. 

The degree of accord of each of these formulae with the second fact 
demands consideration. 

A disubstitution-product of a compound with formula I can be 
either 


P JCH2X rJCHXz 

®ncH,x " ®ncH. • 
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Otlior isomerides being impossible, this formula is inadmissible, for it 
leads to two isomerides instead of to three. 

With ftirmula II four isomerides seem possible: 


fCHX 

6. 

rCHX 

C. fCX 2 

d. rCH 2 

(^HX, 

Ca 

CII2 , 

Ca CH2, 

Ca CX2 

ICH2 


ICIIX 

CH2 

CH2 


The hydrogen atoms in benzene being equivalent, the CHa-groups in 
the benzene molecule must be united similarly, a being equal to 6, and 
c to d. In consequence the number of possible isomerides is reduced 
to two. Formula II cannot be accepted either, for it also fails to 
explain the formation of thnse isomeric disubstitution-products. 

There remains only formula III with each carbon at»-m in union 
with one hydrogen atom. The question of the constitution of benzene 
therefore is narrowed to this problem; given a compound Cellc having 
each carbon atom united with one hydrogen atom, the objective is to 
find a formula accounting for the equivalence of all the hydrogen 
atoms, the formation of three disubstitution-products, and the absence 
of double or multiple bonds. Evidently an open carbon-chain formula 
cannot fulfil the prescribed conditions, for the hydrogen atoms attached 
to such a chain containing terminal and intermediate CH-groups could 
not be equivalent. The .six hydrogen atoms can be of equal value only 
in a ring of six carbon atoms: 


CH 

Hci^^'cir 

CII 

This arrangement of the CH-groups also fulfils the second condition, 
as is evident from the scheme 

cx cx cx cx cx 

Hcl^4j^'cn HC'v^4^'CII’ Hc1^4^'cX Xc1^4^'CH’ Hc1^4^'cH’ 

CH CH CH CH CX 

In it the compounds C6H4X2, with substituents at 1:2= 1:6, 1:3 = 1:5, 
and 1:4, are isomeric. The formation of three isomerides therefore 
also becomes clear. 

287. This hexagonal formula finds support in the evidence afforded 
by very many investigations of isomeric benzene derivatives, and 
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affords a partial elucidation of the constitution of benzene. Despite 
exhaustive invesligation by the most eminent chemists, an entirely 
satisfactory explanation of the inner structure of the benzene molecule 

and of the mode of union of the fourth bond of 
each of the six carbon atoms is still lacking. 

K^kul^: assumed the presence of three double 
bonds in the benzene molecule, as indicated in 
Fig. 67. 

There are two objections to Kekul£’s formula, 
the first being the representation of benzene as 
CH an unsaturated compound. The second draw- 

Fig. 67. — KEKULfi’s back is the dissimilarity of the two or/^o-positions, 

BUNZENE-FORMUliA. . , , , , . -i 1 • 1 • 1 

the carbon atoms being united singly on one side, 
and doubly on the other. 

Wii.LSTATTEit attempted the .synthesis of the compound cyclo- 
hexairiene, CcTTo, with the constitution assigned by Kekul^ to benzene. 
The starting point was cycXohexanol (I), a substance converted readily 
into cycle )/iea:ewe (II) by elimination of water. A dibromide (III) 
was formed by addition of bromine, and one of its bromine atoms was 
eliminated as hydrogen bromide by the action of dimethylamine, the 
other bromine atom being rejilaced by the dimethylamino-residue (IV). 
The cy(Aohexyhimine, formed reacted with methyl iodide and then with 
silver hydroxide, the product being a base (V), converted by dry dis- 
tillation at reduced iiressure (276) into cy eXohexadiene (VT). Com- 
pounds II and VI had all the properties characteristic of unsaturated 
derivatives. Addition of bromine to VI gave VII (compare 127 and 
below), a substance converted into the corresponding diammoniuin 
base by a process similar to that involved in the transformation of III 
into V. At the very low pressure of one-hundredth of a millimetre, 
this base was found to decompose at O'* into water, trimethylamine, 
and the compound with formula IX, a substance resembling benzene 
in all respects. The disappearance of the iinsatui’ated character is an 
indication of the complete change in properties occasioned by the 
introduction of a third double bond into the ring of six carbon 
atoms. 

Tlie objections to KEKULfi’s formula have been met by a modifi- 
cation proposed by Thiele. lie has made a special study of substances 
containing a conjugated linking (127), and has demonstrated such 
compounds to be converted into products with a double bond at the 
centre by addition of two univalent atoms: 

— CH=CII— CH=Cn— -f 2X -> — CHX— CH=CH— CHX— . 


HC 

HC 


CH 


\/ 


\cii 

CH 
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To explain this phenomenon, he assumed the whole of the affinity of 
the double bond not to be employed, a part termed the residual affinity 
remaining free at atoms 1 and 4, and the remainder being satisfied 
between atoms 2 and 3. This conception is indicated in the scheme 

12 3 4 


The dotted lines denote ■partial valencies. The hypothesis of valency- 
electrons ( 244 ) affords an insight into the possibility of the existence of 
such partial valencies. There is a double bond between carbon atoms 
2 and 3, but it is inactive, for addition occurs only at 1 and 4. 

The appli(!ation of Tiiikle’s hyi)othesis to Keki;l£’s formula gives 
a graphic representation (Fig. 68 ) with three inactive double bonds, 
but lacking free partial valencies. This peculiar 
typti of structiu*c might explain the difference 
botwtHUi the properties of benzene and those of 
unsaturat.ed compounds. 

By a method similar to that employed in his 
attempt to prepare cycZehexatrienc, Willstatteb 
synthesized cyclooctaietramie (Fig. 69). In accord- 
ance with Thiele’s hypothesis, this substance 
should possess only inactive double bonds, but the product was found 
to have the character of a highly unsaturated compound. 

As a conseiiuenco of this fact it is neces- 
sary to assume the great stability to be due 
to the mutual affinities of the carbon atoms 
only for a ring of six such atoms with alter- 
nating single and double bonds; whilst for an 
analogous ring of eight atoms the increased 
distance between the carbon atoms constitutes 
a hindrance to stability, since the attracting 
forces diminish rapidly with incrc^ase in the 
distance between these atoms. 

The spacial representation of the molecule of benzene must fulfil 
the condition of having the carbon atoms in the same plane as the 
hydrogen atoms. Any other type of spacial formula would indicate the 
possibility of optical isomerism for the disubstitution-pnxlucts, and the 
existence of such a phenomenon lacks experimental foundation. 
Thiele’s modification of Kekul^’s formula fulfils this condition, and 
at present must be regarded as giving the best interpretation of the 
properties of benzene. 


CTI CH 



CH CH 

FiCJ. 69. WiLLSTATTEIl’s 

r//c/0OCTATETRAENE. 



Fio. 68. — Thiele's 
Bentzenk-formiila. 
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Nomenclature and Isomerism of the Benzene Derivatives. 

288. The different isotneric disubstitution-products are distin- 
guished by the prefixes ortho, meta, and para, or the positions of their 
substituents art; denoted by nunibei*s: 

4, 

1;2 = 1 : G substifution-produets are termed ortho-compounds. 

1 ; 3 = 1 : 5 ” ” ' ' ” wieia-compounds. 

1:4 ” ” " ” para-compounds. 

The number of isomeric substitution-products is the same for two 
similar or dissimilar substituents, but not for three, Wlien the three 
groups are similar, three isomerides exist: 


XXX 



Adjacent or Vicinal Symmetrical Unaymmctrical 

1 : 2:3 1 : 3:5 1 : 3:4 

When ont; of the groups is dissimilar to the oth(;r two, different 
vicinal derivatives result by substitution at 2 and at 3 respectively; 
and, for the unsymmctrical compound, substitution at 3 produces a 
different compound from that fonned by exchange at 4 . For four 
similar groups the same number (three) of -isomerides is possible as for 
two, since the two remaining hydrogen atoms can be in the ortho- 
position, meto-position, or para-position to one another. The number 
of isomerides possible in other cas(;s can be determined readily. 

An alkyl-radical or other group linked to a benzene-residue, as in 
CeHs'CIls or C6H5*CIT2*CH2'CH3, is designated a side-chain, the 
benzene-residue being named the nucleus. Substitution is possible 
both in the nucleus and in the side-chain. With the first type of sub- 
stitution it is usual to locate the position of the now substituent by 
reference to those already present, this process being termed the 
determination of position, or orientation, of the substituents. The 
methods of orientation are given in 354 to 358. • 



MONOSUBSTITUTION-PRODUCTS OF THE AROMATIC 

HYDROCARBONS. 

I. MONOHALOGEN COMPOUNDS. 

289. Simple contact of the halogens with benzene does not produce 
'>«d'>:titution-products. Fluorine reacts with this hydrocarbon very 
energetically, decomposing the molecule completely, with formation 
of hydrogen fluoride and carbon tetrafluorido. Chlorine and bromine 
dissolve in benzene, and convert it slowly into the addition-products 
hexachlorobemenc, CoHoClc, and hexabromohemene, CoHeBre, both 
r(;actions being acccIei’at(Hl by sunlight. Iodine has no action, except 
at very high temperature. The substitution of hydrogen in benzene 
by chlorine or bromiiu; can be elTected only in presence of a catalyst, 
anhydrous ferric chloride or bromide being specially suitable. The 
process is exemplified by the oreparation of monohnmiobenzme, C6H.-,Br, 
by the addition of bromine drop by dj-op to cooled dry benzene in 
presence of a small proportion of iron-powder. Ferric bromide is formed 
first, monobromobenzene being produced subsequently with evolution 
of hydrogen bromide. Monoiodobenzene, C0II5I, is prepared by 
heating benzene with iodine and iodic acid in a sealed tube, the iodic 
acid oxidizing to iodine and water the hydrogen iodide formed, and 
thus preventing it from reconverting the monoiodobenzene into 
benzene. Replacement by chlorine or bromine of the hydrogen of the 
nucleus in the homologues of benzene also necessitates the presence of a 
catalyst such as iron. Another method of preparing the halogen deriva- 
tives of benzene is described in 307, 4. 

The halogen atom in the monohalogen derivatives of benzene can 
be induced to react only with great difficulty. They can be boiled with 
alkali, with potassium hydrogen sulphide, with potassium cyanide, or 
can be heated with ammonia, without substitution of the halogen 
atom. The replacement of chlorine or bromine by the amino-group 
proceeds with tolerable smoothness, however, in presence of cupric 
sulphate, a reaction exemplified by the formation of aniline, C6H5Nn2, 
by heating monochlorobenzene with a concentrated aqueous solution 
of ammonia in presence of a small proportion of this salt in an auto- 
clave at a temperature of about 180®. Replacement of halogen by the 
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methoxyl-group can he effected by the action at 220® of the powerful 
reagent sodium rnelhoxide. 

The chara(!ter conferred on a halogen atom by union with the 
bcnzeiie-nuclous is completely analogous to that possessed by halogen 
attached to a doubly-linked carbon atom in an aliphatic unsaturated 
halogen derivative (128). 

The Wi'RTz-Fi'rnosynthosis (284, 1) is one of the few examples of the 
ready displacement of a halogen atom in union with the benzene-nucleus. 
Magnesium rciacts with an ethereal solution of monobromobenzene as with 
a similar solutk n of an alkyl halide (7$). It yields a solution of a compound 
of tlie formula CcHs-Mg-Br, a substance available for the synthesis of 
tertiary alcohols with the group Cells, as described in 102. 

Monochlorohemene is a colourless liquid boiling without decomposi- 
tion at 132 ®, and with the density 1*106 at 20®. Monohromohenzene 
boils at 157 ®, and at 20® has the density 1 * 491 . The boiling-point of 
monoiodobemenc is 188 ®, and at 0® the density is 1 * 861 . 

lodobenzene and other iodine compounds substituted in the nucleus 
can add two atoms of chlorine, with formation of substances such as phenyl- 
iodide chloride or iodobenzene dichloridc, ("fillb-ICla. Digestion with alkalis 
converts these derivatives into iodom-compoundf^ such as iodoi^olmizene, 
Cr,Hr,*IO. These compounds are amorphous yellowish solids, and arc 
transformed into iodoxy-cornpounds by heat and also by oxidation with 
bleaching-powder : 

2 C 0 II. • 10 = Cell5 • I+CcH5 • IO 2 . 

lodozybenzenc 

lodoxybemcne is crystalline, and is exploded by heat. 

The constitution of these compounds is inferred from their ready con- 
version into iodobenzene, effected for iodosobenzene by means of potassium 
io<lide, and for iodoxylienzene by hydrogen dioxide, with evolution of 
oxygen. These substsinces would not l)e converted into iodobenzene so 
readily if the oxygen wert; attached to the Iwnzenc-nucleus. 

n. MONONITRO-DEMVATTVES. 

290. A point of characteristic difference between the aromatic 
derivatives arid the aliphatic compounds is the ready conversion of the 
aromatic substances into nitro-derivatives by the action of concentrated 
nitric acid (282, 1). This process is the only method employed in 
practice for the preparation of aromatic nitro-compounds. The sub- 
stance is brought into contact with a mixture of nitric acid and sul- 
phuric acid, or with excess of fuming nitric acid of density 1 * 52 : 


Cells* H 


* NO2 = Calls • N02+n20. 
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In the absence of the sulphuric acid or an. excess of nitric acid, the 
water formed in the nitration would dilute the nitric acid and stop 
the action. This effect is explicable by assuming dilution to cause ioni- 
zation of the nitric acid, the nitration-process requiring an unionized acid 
to ensure the presence of a hydroxyl-group capable of reacting with a 
hydrogen atom of the bf nzene to form water. Increase in the number 
of alkyl-groups attached to the benzene-nucleus often is accompanied 
by a corresponding increase in ease of nitration. 

The mononitro-compounds arc very stable, can be distilled without 
decomposition, and have their nitro-groups very firmly attached to the 
nucleus. Unlike the primary and secondary nitro-compounds of the 
aliphatic scries, the aromatic nitro-derivatives do not contain hydrogen 
replaceable by metals, their nitro-group being united with a tertiary 
carbon atom. This fact inhibits such an exchange ( 69 ). Reduction 
of the nitro-compounds yields amines, the isolation of various inter- 
mediate products being made possible by modifying the course of the 
reaction ( 296 - 304 ). 

Most of the mononitro-compounds have a pale-yellow colour and 
an agreeable odour. They are liquids insoluble in water, and are 
heavier than it. They are volatile with steam. 

Nitrobenzene is manxifactured in large quantities in <hc coal-tar dye- 
stuff industry, cast-iron vessels with a stirrer an<i water-cooling being 
employed. They arc charged with benzene, and into it a mixture of 
nitric acid and sulphuric acid is allowed to flow. At the end of the 
reaction, the sulphuric acid contains only a small proportion of nitric 
acid, and the nitrobenzene floating on its surface is washed with water 
and purifi(Kl by distillation with steam. 

Nitrobenzene is a yellowish liquid with an odour resembling that of 
bitter almonds, and is employed in perfumery. Its boiling-point is 
208°, its melting-point 5* 5°, and at 25° its density is 1*1987. It is 
poisonous, inhalation of its vapour being specially dangerous. It is 
prepared on a large scale to obtain aniline by its reduction (297 and 

303 ). 

Nitrotolnenes . — The chief products of the nitration of toluene are 
the ortAo-compound and para-compound, only a small percentage of 
the ?ncto-compound being formed. The proportion of or<Ao-derivative 
is greater than that of the para-isomeride, as is exemplified by the 
percentage-yields obtained by nitration at 0°, 58*8 of o-nitrotoluene, 
36*8 of p~nitrotoluene, and 4*4 of m-nitrotoluene. Usually in simul- 
taneous production of ortho-compounds and para-compounds, the para- 
isomeride is formed in greater proportion. o-Nitrotoluene is liquid at 
the ordinary temperature, its melting-point being —3*4°; p-nitrotolU9ne 
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is solid, and melts at 51*4°. These isomerides are separated by a com- 
bination of repeated solidification by cooling and of fractional distil- 
lation. Pig. 70 represenis the fusion-curve (“ Inorganic Chemistiy,” 
239) of mixtures of o-nitrotoluenc and p-nitrotoluene. As the nitration- 
product contains about 40 per cent of the para-isomeride, its freezing- 
point lies on the para-section of the curve, and cooling causes crystal- 
lization of p-nitrotoluenc. This substance can be separated from the 
liquid residue by filtration, or on the manufacturing scale by centri- 
fuging. The first product of the fractional distillation of the oil is 
o-nitrotoluene, boiling at 218®; subsequently p-nitrotoluenc, boiling at 
234°, distils. S(!vcral repetitions of the fractional distillation, with 



Fio. 70. — Fusion-curve of Mixtures of of-NixROTOuuENE and 

/^Nitrotoi.uenk. 

intermediate solidification by cooling, finally yield an initial fraction so 
rich in the ort/w-com pound that its composition pertains to the ortho- 
section of the curve. (Pooling of this fraction induces crystallization 
of o-nitrotoluene. 


ra. MONOSULPHONIC ACIDS. 

291. The formation of these compounds by the action of con- 
centrated sulphuric acid on aromatic compounds is described in 282, 2. 
In this reaction a considerable proportion of the sulphuric acid does 
not combine, for sulphonation ceases when the strength of the acid 
has fallen to 64 per cent. The method employed in the separation of 
the sulphonic acid from the excess of sulphturic acid is similar to that 



§ 291 ] 


MONOSULPHONIC ACIDS 


373 


adopted for the separation of ethylsulphuric acid ( 54 ), the barium 
salts of the aromatic sulphonic acids being readily soluble in water. 
Another method of isolation involves the addition of a concentrated 
solution of common salt to the mixture of sulphuric acid and sulphonic 
acid, the solid sodium sulphonatc being precipitated. 

Wlien the sulphuric a^id is heated to 170°, and benzene-vapour is 
passed into it, the whohj of the acid is converted into benzenesulphonic 
acid. Under these conditions the water formed by the sulphonation 
distils, the sulphuiic acid b(*ing maintained throughout at a concen- 
tration suitable for sulphonation. 

The sulphonic acids are colourless crystalline substances, generally 
hygroscopic, and freely soluble in water. They can be reconverted 
into the aromatic hydrocarbons by hydrochloric acid or superheated 
steam at a high temperature ( 284 , 5), a reaction discovered by Arm- 
strong. 

Most of the sulphonates crj'stallize well, and are employed in the 
purification of the sulphonic aci<ls. Phosphorus pentachloride con- 
verts these acids into chlorides; 

CoHs • SO2 • on ->• CeTTr, • SO2 • Cl. 

The sulphonyl chlorides can be obtaint'd also directly by the interaction 
of chlorosulphonic acid and aromatic hydrocarbons: 


Cfll lo+TTO • SO2 • Cl = ( 1.5 • SO2 • CI+II2O. 


They are very stable towards cold water, being only slowly recon- 
verted into sulphonic acids. Bcnzenesulphonyl chloride melts at 14*5°. 
Like the othei’ sulphonyl chlorides, it has a very disagreeable odour. 

The sulphonamidcs are formed by the action of excess of concen- 
trated ammonia on the chlorides: 

Cells • SO2CI Colls • SO2 • NH2. 

Initially the sulphonyl chloride dissolves, the sulphonamidc being 
precipitated by addition of acid. 

They are well-crystallized compounds, and the determination of 
their melting-points often is employed for the identification of aromatic 
hydrocarbons. The strongly negative character of the benzene- 
sulphonyl-group renders the hydrogen atoms of the amino-group 
replaceable by metals, the sulphonamidcs being soluble in alkalis and 
in ammonia. 

Prolonged reduction of sulphonic acids yields thiophenols of the 
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type CoHs'SH, substances rcconvcrtible into sulphonic acids by oxi- 
dation. 

The sulpho-group can be replaced by the hydroxyl-group and the 
cyano-group (292 and 311). 

IV. MONOHYDRIC PHENOLS. 

292. The phenols are compounds derived from the aromatic hydro- 
carbons by i-eplacement of one or more of the hydrogen atoms of the 
nucleus by hydroxyl. 

Phenol, CoHs'On, and some of its homologues such as cresol and 
others are present in coal-tar. During its fractional distillation they 
are accumulated in the carbolic oil and the creosote-oil (283). They 
are isolat(‘d by agitating these fractions with caustic alkali, thj phenols 
going into solution, and the hydrocarbons remaining undissolved. 
They are liberated from the solution by sulphm’ic acid, and are sepa- 
rated by fractional distillation. By far the larger proportion of the 
phenol of commerce is obtained from this .source. 

Phenol and its homologues can be obtained also by other methods: 

1. By fusion of the salt of a sulphonic acid with an alkali-metal 
hydroxide: 


CoHs • SO:jK+2KOir = C0H5 • OK-I- K2SO3 +H2O. 

2. By the action of nitrous acid on aromatic amines, a method 
analogous to the preparation from amines of alcohols of the aliphatic 
series (65). An aliphatic amine reacts with nitrous acid to produce 
the alcohol directly, but in this process the very important intermediate 
diazonium compounds (305) can be isolated.- 

3. By the combination of oxygen and benzene in presence of 
aluminium chloride, phenol is formed, 

293. In some respects the phenols are comparable with the tertiary 
alcohols, the hydroxyl of each type being attached to a carbon atom 
in direct union with three others, although in the phenols one of these 
bonds is of a special kind. Like the tertiary alcohols, they cannot be 
oxidized to aldehydes, ketones, or acids containing the same number 
of carbon atoms. The phenols exhibit many of the characteristics of 
the aliphatic alcohols. This resemblance Ls exemplified by the formation 
of ethers by the interaction of alkyl halides and their alkali-metal salts; 
and by the production with acetyl chloride of esters such as acetates. 
Phosphorus pentachloride replaces their hydroxyl by chlorine, although 
not so readily as in the aliphatic series. Besides these properties, the 
phenols possess special characteristics due to their having a mudi 
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stronger acidic character than the alcohols. The description of the 
separation of phenols from carbolic oil ( 292 ) mentions their solubility 
in caustic alkalis, phenoxides such as sodium phenoxide, CeHs'ONa, 
being formed. The alcohols of the aliphatic series do not possess this 
property in the same degree. If insoluble in water, they do not dis- 
solve in caustic alkalis, snd are converted into metallic alkoxides only 
by the action of the alkali-metals. This increase in acidic character 
can be occasioned only by the presence of the phenyl-group, and indi- 
cates the phenyl-group to have a more negative character than an alkyl- 
group. The phenols behave as weak acids only, their aqueous solutions 
being bad conductors of electricity, and the phenoxides being decom- 
posed by carbon dioxide. 

Obviously the properties of the hydroxyl-gi-oup are modified con- 
siderably by union with the phenyl-group. Inversely, the influence 
of the hydroxyl-group on the benzene-nucleus is equally marked, for 
it facilitates considerably substitution of the remaining hydrogen 
atoms. At the ordinary temperature benzene is attacked by bromine 
slowly, but the addition of bromine-water to a cold aqueous solution 
of phenol precipitates 2:A:i^trihromophenol instantaneously, a reaction 
employed in its quantitative estimation. The conversion of benzene 
into nitrobenzene requires concentrated nitric acid, but with the dilute 
acid phenol yields nitrophenol. Phenols also are oxidized much more 
readily than the aromatic hydrocarbons. Heating them with zinc 
ammonium chloride rejilacos the hydroxyl-group by the amino-group. 

Distillation with zinc-dust reduces the phenols to the corresponding 
hydrocarbons. Phenols can be detected by the formation of a violet 
coloration following addition of ferric chloride to their aqueous solu- 
tions, probably due to the production of a ferric salt of the phenol. 

294 . Phenol or carbolic acid is a colourless substance crystallizing 
in long needles. It melts at 39*6°, boils without decomposition at 
181®, and has a characteristic odour. Its powerful antiseptic properties 
caused its introduction into surgery by Lister, but to a great extent 
its place has been taken by mercuric chloride. Phenol is soluble in 
water, one part dissolving in fifteen parts at 16°, and it also can dissolve 
water. On account of the small molecular weight of water, and the 
high molecular depression of phenol (75), a small percentage of water 
renders phenol liquid at the ordinary temperature ( 12 ). The equation 
AM =75, M being the molecular weight of water (18), indicates the 
lowering A of the freezing-point occasioned by the presence of one per 
cent, of water to be about 4*2®. 

The hydroxytoluenes, CHa-CoIH-OII, are termed cresols. They 
are present in coal-tar, but usually arc prepared from the corresponding 
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amino-compounds or sulphonic acids. Oxidation decomposes them 
completclj'^, but rei)lacement of the hydrogen of the hydroxyl-group 
by alkyl or acetyl enables them to bo oxidized like toluene to the cor- 
responding acids. The cresols resemble phenol in their behaviour 

towards an a(ju(‘ous solution of bromine. p-f.VcsoZ, 

is a decomi)osition-product of albuinifi. 

Thytnol also Ls employc'd as an antiseptic. It is hydroxycymcne, 

/CTT;, 1 

CeHa^)!! 3. 

\CH(CH3)2 4 

The fusion of phenols with formaldehyde yields characteristic, resin- 
like fffoducts of y(>llow colour. They are transfomied by heat irtf) a beau- 
tiful substance with the traiispar<*ncy of amber. These “Phenolic resins" 
are named “ Bakelite” after their discoverer BAEKEnANU, and are employe 
in the production of a great variety of articles. 

Ethers. 

295. A distinction is diawn between the aromatic-aliphatic ethers 
such as anisole, CoTIs'O-CvHa, and the true aromatic ethers like diphenyl 
ether, CcHs-O-CcH.^. ('ompounds of the finst cla.ss arc formed by the 
interaction of alkyl halides or dimethyl sulphate and phenoxides (293): 

CoH.-. • O • [ Na+l| C2H.r> = C0IT5 • O • C2H6+NaI. 

The true aromatic ethers cannot bo prepared by this method, the 
halogen atom attached to the nucleus being exchanged only with 
diflficulty (289). Diphenyl ether is obtaineni by passing vaporized 
phenol over heated thorium oxide: 

Cells • I OH+H| O . Cells = C,JTs • O • C^ell 6 +ir 20 . 

The mixed aromatic-aliphatic ethers are stable compounds, and in 
behaviour clasely resemble the true aliphatic ethers. Many of their 
reactions arc similar to those of the aromatic hydrocarbons. Heating 
them to a high temperature with a hydrogen halide yields a phenol and 
an alkyl halide: 

Cells • O . CHs +HI = CeHs • OH+CH3 • I. 

Aiiiyole 

The true aromatic ethers such as diphenyl ether are not decomposed 
by hydrogen iodide, even at 250“. 

Anisole, Cells-O-CHa, Ls a liquid, and boils at 155“. Phenetole, 
CoH 5*0*C2H6, also is a liquid, and boils at 172“. Each of these com- 
pounds has a lower boiling-point than phenol (294), and each has a 
characteristic odour. ’ 
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V. MONOAMINO-COMPOUNDS. 

296. The aminoconi pounds of the aromatic series with the amino- 
group attached to the ring arc obtained almost exclusively by reduction 
of the corresponding nitro-compounds. This process is effected by 
various means. 

Amines can be obtained from phenols by heating them at 300° 
with ammonium zinc chloride. 

The aromatic amines are colourless liquids, or solids, and have a 
characteristic odour. They arc only slightly soluble in water. Their 
densities approximate to 1, and their boiling-ixjints lie above 180°. 
With water the aliphatic amine.s form stronger bases than ammonia; 
but the aqueous solutions of the aromatic atnin(;s possess only weakly 
basics prop(irti{5S, for they do not turn red litmus blue, and scarcely 
conduct the electric current. The aromaiic amines do yield salts, 
although these derivatives in solution have an acidic reaction on account 
of partial hydrolj^sis. Tli(> nt^gative (diaracter of the phenyl-group, 
mentioned alrc^ady in connoxir)n with phenol (293), modifies the nature 
of the amino-group considerably, an influence exhibited in an even more? 
marked degree by the difference in the behaviour of diphenylamine and 
of triphenylarnine. With sti’ong a<*ids the secondary amine can yield 
salts, although they are hydrolyz<Ml compl(?t(‘ly by the addition of a 
considerable i)roportion of water; but this terliary amine does not 
unite with acids. 

Di pherujlainim: jdcrale furnishes another example of the hydrolysis of 
salts of (Ijc l)aso. The picralo is lirown, picric acid yellow, and diphenyl- 
amine colourless, "^rhe salt and the free base arc only slightly soluble in 
water, and picric acid is moderately soluble. The hydrolytic C(}uilibrium 
corresponds with the expression 

Salt-|- Water Acid -f Base, 

and since the mass of the water (!au be regsirded as con>stant owing to the 
large amount present, application of the law of mass action in this instance 
gives the expression 


Conccntratioiioritf = Constant. 

The concentrations of the salt and of the diphenylamine also are constant, 
owing to the solution being saturated continually by contact with the 
solids. 

At 40*6° the constant concentration of the acid has Ixsen determined 
to be thirteen grammes per litre. When a solution of picric acid of this 
concentration is poured on solid diphenylamine, the salt docs not term, 
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owing to c«)ini)letc hydrol3’sis. Tncroase in the concentration of the picric 
acid imparts a l)rown colour to the diphenylamine, this phenomenon arising 
from the formation of the salt, and persisting until the concentration has 
fallen to thirtcicn grammes per litre. 

Substitution of llio amino-group for hydrogen produces the same 
effect on the benzene-nucleus as exchange of the hydroxyl-group for 
hydrogen, facilitating greatly replacement of the other hydrogen atoms 
of the nucleus. As a i-csult, at the ordinary temperature aniline is 
converted readily by bromine- water into 2:4:6-tribromoaniline. The 
amines also are oxidized much more easily than the hydrocarbons. 

By nu'ans of an alkyl halide the hj’drogcn atoms in the amino- 
group of the pi'imary aromatic amines, like those in the amino-group 
of the primary aliphatic amines, can be replaced by an alkyl-group 

(63): 

C0II.5 • NH2+CH3I = CcHs -NIICCHs),!!!. 

Secondary and tertiary bases, and also {juaternary ammonium bases 
such us C’bH 5*N(CH3)3*OH, arc known. The last are as strongly 
basic as the correspruiding true aliphatic comi)ounds. 

The aniliden are derivatives of aniline, ('!r,H6«NTT2, and its homo- 
logues. They arc arid amides with one arnixio-hydi’ogen atom replaced 
by a phenj'l-group. Acdoanilide, CoH.5*NH 'COCHs, employed as a 
febrifuge under the name “ antifebrinc,” is a tyjxe of these compoimds. 
Tlic anilides are produced by boiling aniline with the corresponding 
acid, acetoanilide being obtained by heating aniline with glacial acetic 
acid: 

CoHs • NH |H+ttO| OC • CH3 = CeHs • NH • COCH3 +H2O. 

Like the acid amides of the aliphatic scries (96), the anilides are 
decomposed readilj" into their parent substances by lx>iling with a 
dilute solution of an alkaJi-metal hydroxide or of a mineral acid. 

Menschutkin found the velocity of formation of acetoanilide to be 
much less for an excess of aniline than for an excess of glacial acetic acid, 
although on theoretical grounds it should be the same for both. At each 
moment it should be pi'oportioual to the product of the concentrations of 
the glacial acetic acid (r ) and of the aniline (c'), being expressed therefore 
by 

s=k'cc’, 

k being constant. 

The discrepancy between theory and experiment admits of various 
explanations, such as the difference between the reaction-media. The 
imxxortant influence of the medium is mentioned in 64. 
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Aldehydes react with aromatic amines with elimination of water: 


HzC 



HNCoIIs 

hnc:;6H5 


= Il2C < 


NHCgHs 

NIICgIIs 


+H20. 


Formaldohydo 


Mcthylcncdiphenyldiamino 


The combination of a^’ornatic aldehydes and aromatic amines is 
exemplified by the equation 


CeHr. • CH P+H2I N * CeHs = CeHe • CH : Nil • Cells + H2O. 

Benzaldehyde Bcnzalatiilino 


Primary aromatic amines give the carbylamine-reaction, and with 
nitrous acid they yield diazonium compounds (305). 

Aniline. 

297. Aniline was obtained first by the dry distillation of indigo 
(Portugese, anil) from Sanskrit, niZa, dark-blue, and nxLa, the indigo- 
plant), and to this fact it owes its name. It is manufactured by the 
action of hydrochloric acid and iron-filings on nitrobenzene contained 
in a cast-iron cylinder fitted with a stirrer: 

CGH5N02+3Fc+6HCl=C6H6Nn2+2H20+3FeCl2. 

In this process only about one-fortieth of the hydrochloric acid required 
by the equation is needed for the reduction. This remarkable phe- 
nomenon probably originates in the cajiacity of iron-filings and water 
to effect the reduction in presence of ferrous chloride. Lime is added 
after completion of the reduction, and the aniline is distilled with steam. 

Aniline is obtained also by the electro-reduction of nitrobenzene 

(303). 

Aniline is a colourless liquid, but unless perfectly pure it turns 
brown in the air, the colour-change probably being due to the presence; 
of traces of sulphur compounds. It is only slightly soluble in water. 
It boils at 183°, and at 16° has the density 1 *024. With aniline formal- 
dehyde yields a remarkable condensation-product, anhydroformaldc- 
hydeaniline, (C6H5N==CIl2)3. This substance melts at 40°, and dis- 
solves with difficulty. It is employed in the identification of both 
formaldehyde (zo8) and aniline. 

An aqueous solution of free aniline gives a deep-violet coloration 
with bleaching-powder solution, the primary product in the reaction 
probably being phenylcMoroamine, CoHs-NHCl, the reaction being 
analogous to the formation of chloroamine, NH2C1, from ammonia. 
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The phcnylcliloroamine condenses with the aniline to form coloured 
substances. An aniline salt in acid solution is coloured dark-green to 
black by potassium dichromatc. These two reactions, and that with 
wood (228), serve as tests for aniline. The bleaching-powder reaction 
is particularly delicate. The oxidation of aniline is discussed in 338. 

Homologues of Aniline. 

Orthi-i^olmdine and Tpaxa,-ioluidine, CH3*C6lT4*NH2, are formed by 
the reduction of the corresponding nitro-cornpounds. The ortho- 
compound is a lujuid boiling at ]99*4°; the pm-a-compound is a solid 
melting at 45°. The different solubilities of their oxalic-acid salts 
afford a means of separating them. 

The monoamino-d(!rivatives of the xylenes arc termed xylidinen. 
Six isomeridt's are possible, their existence being due to differences in 
the relative positions of the methyl-groups and the amino-group in 
the ring. Some of the toluidines and the xylidines arc employed in 
making coal-tar colours, and therefore are manufactured in large 
quantities. 

Secondary Amines. 

298. Diphenylamine, CoIIs'NIT-CoHs, melts at 54°, and boils at 
310°. It is a type of the tru<5 se<‘ondary ai’omatic amines. They are 
formed by heating the hydrochloi’ides of the primary amines with the 
free amines: 

Cells |NH2,H(n+Jl| HN • CtiHs = NH4CH-IIN(C6TT6)2. 

Diphenylainine can be obtained also by the action of bromobonzene 
on potassium anilide, CVJl.'j’NHK. It hasnn agreeable floral odour. 

Dii)hcn 3 'lamine is a very sensitive reagent for the clotectif>n of nitric 
acid, that substance producing a deeiv-blue (tolour with its solution in con- 
centrated sulphuric acid. The reaction can be applied to the detection 
of nitric acid only in the abscuice of other oxidizers such as bromine-water 
and permanganatt!, for diphenylainine also gives a blue coloration with 
many of these reagents. The blue coloration arises from the formation 
of the quinonoid salt of A'^.V'-diphenylbenzidine ( 301 ), 

_ H 

SO 4 H 

The method of formation of the mixed aromatic-aliphatic amines 
such as methylaniline, CcHs'NH’CIIa, is indicated in 296. The action 
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of the alkyl iodide on aniline effects the substitution of more than one 
hydrogen atom of the amino-group by an alkyl-group, a mixture of 
the unchanged primary amine with the secondary and tertiary amines 
being formed. The pure secondary amine is obtained by initial replace- 
ment of one hydrogen atom of the amino-group by an acid-radical 
such as acetyl, and subsequent interaction of the acetyl-derivative and 
an alkyl iodide. 

In preparing such a compound as methylanilinc, the first step is to 
convert aniline into acetoanilide, CiiH.-j-NH-COCH.^, by boiling it with 
glacial acetic acid. The hydrogen atom attached to nitrogen in this 
compound can be replaced by sodium, yielding CoHs-NNa-COCHu, 
a substance transformed by methyl iodide into meihyla^etoanilide, 
C. H.'i- N ((^Ha) • COCH3. Saponification with alkalis converts this com- 
pound into monomethylaniline. 

The secondary aromatic amines resemble those of the aliphatic 
series in their ready conversion by nitrous acid into nitrosoamines 

NO 

such as nitrosomeihylaniluie, C/(Jl 5 *N<,.,„ . Liebkhmann’s reaction 

t.'Xla 

for nitrofio-compounds is described in “ Laboratory Manual,” XXVII, 

II. 


Caniful oxidation of the nitrosoamines transforms tliem into nitroamines, 

Compounds of this type are produced also by the direct 

action of fuming nitric acid on secondary amines such as mcthylaniline or 
ethylanilirie, three nitro-groujjs entering the nucleus simultaneously. 
Fkanchimont has prepared a large number of nitroamines bclongihg to 
the aliphatic series (270). 


Tertiaiy Amines. 

299 . Triphenylamine, (C(sH. 5 ).'}N, is a type of the true aromatic 
tertiary amines;, only a few of them being known. It is obtained by 
the action of sodium and bromobonzene on diphenylaminc, and is a 
solid melting at 127°. It docs not possess a basic character. 

Although perchloric acid, HCIO4, can unite with triph(»nylaminc, the 
special aptitude of this acid for combination with many substances, both 
nitrogenous and non-nitrogenous, must not be overlooked. 


Dimethylaniline, C 6 H 6 *N<~^, is the most important member of 

the series of mixed aromatic-aliphatic tertiary amines. They can be 
obtained by the action of alkyl halides on aniline, but they are manu- 
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facfcured by heating aniline hydrochloride with the alcohol, a method 
enabling the alkyl halides to react in the nascent state. Methyl alcohol 
and hydrogen chloride yield methyl chloride, and this compound attacks 
the aniline. 

On heating the hydrochloride of an alkyl-aniline at 180®, in a cur- 
rent of gaseous hydrogen chloride, the alkyl-groups are eliminated, 
with formation of aniline and an alkyl chloride, the last-named com- 
pound uniting with unchanged alkyl-aniline to form a trialkylphenyl- 
amitionium chloride. When this substance is heated, the alkyl-groups 
become transposed from th(; nitrogen to the nucleus. Free methyl- 
anilin(; or dimethylaniline are unafToct(‘d by heat. 

The formation of the hydrochloride of y>toluidine by the inter- 
action of methyl alcohol and aniline; hydrochloride at a high tempera- 
ture is analogous. By this proceas it is possible to obtain even penta- 
methylaminohenzene, NH 2 . 

The 2 ^«?'U-hydrogen atoms of dimethylaniline and of other dialkyl- 
anilines are replaceable by various groups, tlinu;thylaniline reacting 
readily with nitrous acid to form nitroswlirnethylanilim, 





This operation is effected by the addition of potassium nitrite to the 
solution of the tertiary base in hydrochloric acid. This nitroso-com- 
pound crystallizes in well-defined leaves of a fine green colour. It 
melts at 85°, and yields a hydrochloride crystallizing in yellow needles. 
Oxidation with potassium permanganate converts the nitroso-group 
into a nitro-group, and forms p-nilrodimetkijlaniline, 


CulU< 


N(( 

NO 2 


1 

4 ■ 


Boiling with sodium hydroxitle removes the amino-group of nitroso- 
dimethylaniline, yit;lding dimethylamine and nitrosophenol: 

Cr.H4 < = C«H4 < g^-hHN(CIl3)2. 

Nitrosophenol 


This reaction is employed in the preparation of pure dimethylamine 

( 66 ). 
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The pam-hydrogen atom of dimethylanilinc can react with sub- 
stances other than nitrous acid, aldehydes readily yielding a condensa- 
tion-product; 

CgHb-CH O-I-JJ g«{J^JJJg|j3j2^C6H5-CH[C6H4N(CH3)2]2. 

The constitution of this compound is inferred from its relation to 
triphenylmcthane, CIKC^oHs);! ( 373 ). Dimcthylaniline and carbonyl 
chloride yield a p-derivativc of benzophonone, Coils termed 
Miciiler’s ketone: 

^ Cl + H C«Il4 • N(CIl3)2 ’ 0 TI 4 • N (CH3)2 

CO =CX) -f-2HCl. 

\ Cl + H I Coin • N(CIl3)2 ^^(114 • N(CH3)2 

Heating with fuming nitric acid converts dimcthylaniline into 
Irin i tropheri yin i troamine, 

/CH 3 

(N02)3CoH2.N< 

\N 02 

the reaction being accompanied by a copious evolution of gas. This 
compound is employed as an c'xplosive. In its formation one of the 
methyl-groups is removed by oxidation and rejdaced by the nitro- 
group, three additional nitro-groups being introduced simultaneously 
into the nucleus. The reaction affords a general method for the forma- 
tion of nitroamincs. 

Quaternary Bases. 

Quaternary bases aie formed by the addition of alkyl halides to 
the tertiary aromatic-aliphatic amines, and the interaction of the salts 
formed and moist silver oxide. These substances are strong bases. 
Heating transforms them into an alcohol and a tertiary amine, a differ- 
ence from the aliphatic ammonium bases ( 66 ). 

VI. INTERMEDIATE PRODUCTS IN THE REDUCTION OF AROMATIC 

NITRO-COMPOUNDS. 

300 . Reduction of the nitro-compounds of the aliphatic series 
yields amines directly, and from them the alkyl-groups can be removed 
by oxidation. An example is the conversion of ethylamine into acetic 
acid and ammonia. In contrast, in the aromatic series intermediate 
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products can be obtained in the reduction of nitro-coinpounds, and 
soinetinies also in the oxidation of amines. Only the compounds 
derived from nitrobenzene and aniline will be described here, although 
numerous substitution-products of the same type are known. 

In acid solution the nitro-compounds are reduced directly to the 
corresponding amino-derivatives, but in alkaline solution they yield 
substances cf)ntaining two benzene-residues. Nitrobenzene gives in 
succession azoxi/henzene, azobenzene, hydrazobenzene, and aniline: 


1 . Nitro-com pound, 

2. Azoxy-compound, 

3. Azo-CAnnpound, 

4. Ilydrazo-compound, 

5. Arnino-cornpound, 


CoH.vNOs OaN-CoHs; 

C,;H.r.-N N-CoH.,. 

C,iH.vN=N.C,.Hr,; 
C„H.vNir— NH-CnHs, 
C,iH.,-NH2 HaN-CciHs. 


Azoxyhenzene is obtained by boiling nitrobenzenci with alcoholic potas- 
sium hydroxide', and is produced also in the oxidation of aniline with potas- 
sium permanganate in alcoholic solution. It forms light-yellow crystals 
jnelting at 30°. Warming with concentrated sulphuric acid transforms 
it into ]y~hydroxyazobenze7i€: 

Calls -* cjl.N=N.Cm,H4-OII. 

Hydroxytizobenzpiie 


It is attacked readily by various reducjers. Under the inflmmee of direct 
sunlight concentrated suljdiuric acid converts azoxyhenzene into o-hydroxy- 
azoberizene, 

CJl50-C6ll4 -N— N-CcH4-OC2H5 

p-AzoxypJienetole, , is distinguished by 

O 

its power of forming a crystalline liquid, a property characteristic of a con- 
siderable number of oth(.*r substances. When heated, it melts at 134° 
to a turbid lic^uid, suddtmly becoming clear at 166°. The crystalline 
structure of the turbid licpiid cannot be observed with the microscope, 
but it is indicated by the double refraction exhibited by the liquid, and by 
the formation of the figures characteristic of double-refracting crystals 
between crossed Nicol prisms in converging light. 

Turbidity is not an essential characteristic of crystalline litiuids, as Vou- 
LANDEU has discovered ixjrfectly clear liquids displaying phenomena like 
those of double-refracting crystals. The power of forming crystalline 
liejuids is a characteristic chiefly of compounds with normal carbon chains, 
and of the paro-compounds among the benzene derivatives. 

301 . Azohenzenef CfiHs-NrN-CoHs is formed by the reduction cf 
nitrobenzene with a solution of stannous chloride in excess of potassium 
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hydroxide, and also by distilling azoxybenzene with iron-filings. It 
is produced along with azoxybenzene by the oxidation of aniline with 
potassium permanganate. 

Azobenzene forms well-defined orange-red crystals melting at 68®, 
and boiling without decomposition at 295®. It is a very stable com- 
pound, and is insoluble in water. Its constitution follows from its 
yielding aniline by reduction. 

Hydrazobenzene, CeHs’NH — Nil •Cells, is formed by the action 
of zinc-dust and alcoholic potassium hydroxide on azobenzenc or 
nitrobenzene. It is a colourless crystalline substance melting at 126®. 
Strong reducers convert it into aniline; but it is oxidized readily to 
azobenzene, the transformation being effected slowly by atmospheric 
oxygen. It is oxidized to the azo-compound by ferric chloride also. 

The most characteristic reaction of hydrazobenzene is its con- 
vereion into benzidine, the benzene-nuclei becoming turned end for 
end. This “ benzidine-transformation ” is effected by the action of 
strong acids: 

(cT) NH— NH (O) H 2 N • C 0 H 4 — C 6 H 4 • NH 2 . 

llydrazobenzciip Benzidine 

Th(? formation of a diaminodiphenyl is proved by the conversion of 
benzidine into diphenyl. Colls ’CoHs. The amino-groujis occupy the 
para-positions: 

Il2N<(^^^ ^Nlla. 

Reduction of azobenzenc in acid solution forms benzidine directly. 
It is characterized by the sparing solubility in cold water of its sulphate. 

The amino-groups in benzidine are proved in various ways to occupy 
the paro-position, one being the impracticability of converting into ben- 
zidine a hydrazobenzene with its p-hydrogen atoms substituted. In cer- 
tain instances hydrazo-compounds can undergo a remarkable intramole- 
cular change, known as the “semidine-transformation,” derivatives of 
diphenylamine being formed by the turning of only one of the benzene- 
nuclei : 

Il( O )nH— NH-C,H4NH-C0CH3 - H,N<(^ ^NH-C6H4NII-COCH.. 

p-Aoetaminohydrazobenzene p-Aminophenyl-p-acetamino- 

phcnylaniine 
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Electro-reduction of Nitro-compounds. 

302. In electrolytic reductions or oxidations the course of the chem- 
ical reactions at the electrodes are controlled by various factors. 

Electrolytic reduction will be considered first. In the electrolysis 
of a solution of an acid with a hydrogen-ion concentration equal to 
1-normal, the hydrogen ions are discharged when there is a certain 
difference of potential between the electrolyte and the cathode; and 
with a platinum cathode this difference of potential is practically 
identical with the equilibrium-potential of a normal hydrogen electrode. 
This potential serves as the zero for measurements of potential, and 
usually is given the value E = 0. On the other hand, when a cathode of 
lead or mercury is employed in the electrolysis of a solution of the type 
mentioned the hydrogen ions undergo discharge only when the difference 
of potential between the electrolyte and the cathode has a value much 
more negative than zero; and under these conditions its value can bo 
even more negative than — 1 volt. The phenomenon is termed overvoltage, 
and with the cathodes cited a high degn^e of overvoltage can be attained. 

Experinjcnt has demonstrated many substances reducible with 
difficulty, and not reducible at a platinum cathode, to be capable of 
undergoing ready reduction at a cathode characterized by overvoltage. 
By choosing an approjiriate material for the cathode, it is, therefore, 
possible by moans of the electrical process to effect the reduction of some 
substances not reducible by any other method. 

Another factor of importancso in electrolytic proccs.ses is the current 
density, or the strength of the curremt in amp§res divided by the surface- 
area of the electrode in square decimetres. The number of ions dis- 
charged in the unit of time and ptir unit of electrode surface is propor- 
tional to the current density. 

In electrolytic processes depenflent on the mutual interaction of the 
discharged ions a high current density is necessary, and is attained by 
making the surface-area of the electrode where the reaction occurs 
small. By this means a high concentration of the discharged ions is 
maintained in the immediate neighbourhood of the electrode. This 
condition is exemplified by the fonnation of ethane in the electrolysis 
of acetic acid by Kolbe’s method, the anions reacting at the anode in 
accordance with the scheme. 

2CH3COO' 2CO2 + C2HC. 

In electrolytic reductions requiring the hydrogen ions discharged 
at the cathode to react with the dissolved substance, it is important 
for the surface of contact between the liquid and the cathode to be large, 
and for such an operation a large cathode surface and a small current 
density are employed. When a high overvoltage is required for an 
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electrolytic reduction, it is desirable to have a lar^e current density, and 
a cathode of small surface-area is chosen. 

The reduction of nitro-compounds ultimately yields amines, but a 
number of intermediate reduction-products can be isolated. For this 
reason the electro-reduction of nitn)benzene and its derivatives is of 
both theoretical and practical importance. It is possible to give a com- 
plete and satisfactory explanation of the mechanism of this process. 

303. A distinction must be drawn between primary or electrolytic 
reduction-products and secondary or chemical reduction-products. 
The primary process is indicated by the scheme 

C,iHr,NO -> CoHs-NIlOII CoHs-NlIg. 

Nitrobeiizone NitrciBobenzeiie Phciiylliydroxyl* Aniline 

amine 

The presence of nitrosobenzene can be detected by the addition of 
hydroxylainine to the lifiuid, that substance reacting with loss of 
one molecule of watc^r and formation of benzenediazonium hydroxide, 
CeHa-N-i-OlI. Addition of «-naphthoI produces an azo-dye ( 340 ). The 
formation of phenylhydroxylamine can be detected by adding benzalde- 
hyde, beiizyliderieyhmylhydroxylandiw being generated : 

CgHoN^^-^CII-CcH. 

CflHr.-NIIOH+OCH-CoH5-Il20+ ^ 

Hf^nzaMohyde 

The rapid reduction of nitrobenzene dissolved in moderately con- 
centrated sulphuric acid, with the addition of alcohol to increase the 
solubility, follows the primary process described, about 90 per cent, of 
the theoretical yield of aniline Ixjing obtained. In a strongly acid 
solution the course of the reaction is different, the phenylhydroxylamine 
being converted very quickly into p-aminophenol: 

CoHr. - NHOH HO - CgH 4 - NH 2 . 

This substance is not reduced further. Since in presence of more dilute 
acid phenylhydroxylamine undergoes the same transformation, though 
much more slowly, obviously the theoretical yield of aniline cannot be 
obtained, even with a dilute solvent and a great reduction-velocity. 

304. In alcoholic-alkaline solution the electro-reduction of nitro- 
benzene is accompanied by two secondary processes: 

1. Nitrosobenzene reacts with phenylhydroxylamine, yielding 
azoxy benzene: 

CgHs-N^-^N-CcHs 

C6H6-NHOH-|-C6Hs-NO= ^ +H 2 O. 

In presence of alkali this reaction proceeds much more quickly than 
the further reduction of phenylhydroxylamine, aniline being formed in 
small proportion only. The main part of the yield consists of the higher 
reduction-products of azoxybenzene, the chief being hydrazobenzene. 
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2. Hydrazobenzene is attacked by the unreduced nitrobenzene 
with formation of azobenzene and azoxybenzene ; 

SCgHs • NH . NH - CtiHr, + 2C«Hr, • NO 2 = 3CoH r, . N : N . CeHs + 

+ +3H2O. 

Hydrazobenzene in alkaline solution lx>ing oxidized quickly to azoben- 
zenc by atmospheric oxygen, the yield of that derivative is very good. 

A much higher contact-difference of potential at the cathode is 
required to reduce h3^drazobcnzonc to aniline. In the formation of 
nitrosobenzene and phcnylliydroxylarnine a diffc;rcnce of about 0-93 
volt is necessary, but with a difference of 1*47 volt only traces of aniline 
are formed from hydrazobenzene. 

TTabkr has combined theses primary and sc^condary reactions in the 
subjoined scheme, the vertical arrows indicating primary reactions 
and the obli(iuc arrows secondary reactions. 



Bambkrgbr noted the reduction of nitrobenzene by purely chemical 
methods to yield the same intermediate products, nitrosoi)enzene being 
formed by its intera’ction with zinc-dust and water. In accord with this 
view is the fact that the velocity of reduction of nitrobenzene by stannous 
chloride in presence of a great excess of hydrogen-chloride solution indicates 
the reaction to be bimolecular, and therefore to be represented by the equa- 
tion 

R-N0a+SnCl2+nHCl=R-N0+SnCl4+H20H-(n-2)HCl. 

This reaction has a measurable velocity. The further reduction of the 
nitroso-coinpound to the amino-compound should be very rapid, and experi- 
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mental confirmation of this theoretical view is afforded by the instantaneous 
reduction of nitrosodimethylanOine through contact with stannous chloride. 


Vn. DIAZO-COMPOUNDS. 


305 . The diazo-compounds of the aromatic series were discovered 
by Griess in 1860. They arc not merely of theoretical importance, 
but play an important pa. ^ in the manufacture of dyestuffs. In the 
aliphatic series only amino-compounds of a special kind yield diazo- 
compounds ( 24 s), but their formation is a general reaction of the 
primary aromatic amines. The property of undergoing diazotizalion is 
characteristic of aromaiic amines. 

All diazo-compounds contain the group — N2 — . Hantzsch classi- 
fied them in two divisions: 

Ar-N-X 

I. Substances with the structural formula || , Ar representing 

N 


phenyl, CeHs, and its homologucs and derivatives. They are termed 
diazonium salts, and arc analogous to the ammonium salts. 

II. Substances with the structural formula Ar*N=N*X. These 
derivatives are named diazo-compounds, and resemble tlic azo-com- 
poimds. They arc known in two stereoisomerie modifications: 

Ar.N 

1 . synDiazo-compounds with the stereochemical formula || . 

X-N 

They are unstable, and only a few of them have been isolatcid. 

Ar-N 


2. antiDiazo-compounds with the stereochemical formula 


NX 


These substances are .stable. 

Intrinsically the diazonium compounds arc of slight importance, 
but their numerous transformations to form a great numlxjr of deriva- 
tives render them much more important than the diazo-compounds, 
and give them great significance in the chemistry of the aromatic com- 
pounds. 

Diazonium compounds are produced by the action of nitrous acid 
on the salts of aromatic amines: 


CoHs • NH2,HN03+HN02 = 2 H 20 -|-C 6 TI.-> • N2 • NO3. 

Aniline nitrate Benzenediazonium nitrate 


This reaction is effected by adding a solution of sodium nitrite to one 
containing an equimolecular proportion of the amine-salt and an 
equivalent quantity of a free mineral acid. Tlie reaction-mixture is 
cooled by the addition of ice, the diazonium com{H>unds decomposing 
very readily. A solution of the benzenediazonium salt is obtained by 
the process. 
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The preparation in the solid state of a salt such as benzenediazonium 
nitrate, C 6 H 6 ’N 2 ’N() 3 , involves passing nitrogen trioxide generated from 
nitric acid and arscuious oxide into a solution of aniline in dilute nitric 
acid. The adtlition of alcohol and ether induces separation of the nitrate 
in crystalline form. Ignition or jxjrcussion explodes the dry salt with 
great energy, and only a few decigrammes should be isolated in the dry state. 
Almost all the dry diazonium salts are exces-sively explosive, and therefore 
must be handled with great care, but in aqueous solution they are harmless. 
As they yield derivatives without Ijeitig isolated, they are seldom prepared 
in the solid state. 

306. The constitution indicated for the diazonium salts is inferred 
from the following considerations. 

The group NaX of the diazonium compounds, X nipreseiiting an 
acid-residue, is united with only one (.‘arhon atom of the benzene- 
nucleus, for all their transformations j^roduce substances containing a 
group likewise attaclu'd to one carbon atom only of the nucleus. 

In many resf)ects the group (''(jIIs-Na — behaves like an alkali-metal, 
and still more like the ammonium radical. With strong mineral acids 
it forms colourless salts of neutral reaction, like potassium chloride and 
ammonium ehlorid(‘, and its salts with carbonic acid resemble the alkali- 
metal carbonates in having an alkaline reaction due to hydrolytic dis- 
sociation. The conductivity of the diazonium salts of hydrogen 
chloride and other acids indicates them to be as much ionized as potas- 
sium chloride and ammonium chloride. Similarly, diazonium chlorides 
yield complex idatinum salts soluble with difliculty in water, such as 
(C’oH5N2C>l)2PtCb. Other analogous salts, such as ((v,iH.r,N2Cl)AuCl3, 
have been obtained also. Free benzenediazonium hydroxide, 
C6H.'i'N2*OH, is known only in the; form of its stixjngly alkaline aque- 
ous solution. It, is obtained from the aqueous solution of the chloride 
and silver oxide, or bji- the addition of the equivalent quantity of 
barium-hydroxide solution to the sulphate. Like potassium-hydroxide 
solution, it is colourless, but through decomposition it deposits gradually 
a flocculcnt resin-like substances 

The existence of a quinepiivalent nitrogen atom like that in the 
ammonium salts must therefoi’e be assumed in the diazonium salts, 
the basic propeirties of the members of each class Iwing due to its pres- 
ence. Two formula) are possible: 

(-’elTsNsN.X or CcH.-iN/ . 

I'or reasons given in 308, the preference must be given to the second 
formula. 
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Ronzenediazonium hydroxide is a strong base, but reacts with alkalis 
in a manner unknown among the strong mineral bases. Addition of a 
diazoniurn salt to a strong or dilute solution of potassium hydroxide induces 
sei)aration of a potassium derivativ^e, Cells* N2* OK. Tlu? molecular con- 
diKitivity of a mixture of dilutee solutions of benzenediazonium hydroxide 
and an equivalent ciuantity of sodium hydroxide is considerably less than 
the sum of the two elec'ric c()ndu( 5 tivitios of the solutions sef)arately. A 
portion of the ions (CfiII{iN.iO)'+II* and Na*+OH' brought into contact 
must have changed to the non-ionized state as a result of the union of II* 
and Oir, a salt having been formed. 

These facts indicate the strongly basic diazoniurn hydroxide also to 
have an acidic character. Such a contradictor>" nature being ver>^ improb- 
able, IIantzsch assumed the existeiu^e in the aqueous solution of an efjuilib- 
riiini between the diazoniurn h3"droxide and the sywdiazoh3^droxidc ( 308 ); 

CJIf.N*OH CJIsN 

III ^ II . 

N IION 

Diazoniurn j{?/aDiazo> 

hydroxide hydroxide 


IIo supposod the alkali-inotal compounds to be derived from the syn- 
diaz()hydroxi<l<;. 


Reactions of the Diazoniurn Compounds. 

307 . Many of the reactions of the diazoniurn compounds are cliar- 
acterized by the elimination from the molecule of the group — Na — 
as free nitrogen, and its replact'inont by a sul)stituent united with the 
benzene-nucleus by a single bond. Extended rest'arch has revealed 
the conditions best suit.c'd for obtaining nearly quantitative results in 
most of those reactions. 

1 . Replacement of the N 2 -group by hydroxyl. — This reaction is 
induced by allowing the aq\icous solution of the diazoniurn salt to stand, 
or by warming it: 

C 0 F 5 . N 2 • Cl -f non = C^oIIa • OH -I-N 2 +HC1. 


2. Replacement by an alkoxyl-group, — O'CnTIgn+i. — This replace- 
ment involves boiling a diazoniurn salt with alcohol: 


CeHs-Na- 


nS 04 -|-H 


O • C2TI.5 = CoHsO • C 2 n 5 +N 2 + H2S04. 


Sometimes sunlight exerts an accelerating influence on reactions of 
the type described in 1 and 2 . 

3. Replacement of the diazonium-group by hydrogen. — Under certain 
conditions the diazoniurn salts do not yield alkoxyl-compounds with 
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alcohols, but produce the corresponding hydrogen compounds, the 
alcohols being converted into aldehydes: 


NO2 • C6IT4 • N2 • CI+C2H5OII = NO2 • C0H5+C2II4O+N2+HCI. 

p-Nitrobrnzcnodiazoniuxn Nitro- Acetal- 

chloride benzene dehyde 

Usually reactions 2 and 3 proceed simultaneously, but with the 
higher alcohols replacement by hydrogen predominates for a benzene- 
nucleus already attached to several negative substituents, such as 
halogen atoms or nitro-groups. 

Another method of substituting hydrogen for the amino-group is 
mentioned in 310. 

4. Replacement of the diazonium-group by chlorine . — This reaction 
depends on the action of a solution of diazonium chloride on either 
cuprous chloride dissolved in concentrated hydrochloric acid (Sand- 
meyer), or finely-divided copper (Gattermann) : 


CeHs • N2 • Cl = CoHs- Cl-f-N2. 


Cuprous chloride and finely-divided copper have a catalytic action, 
a copper corui)ound probably being formed as an intermediate product, 
and aft(!rwards decomposed. 

The mode of replacement by bromine is similar. In the preparation 
of bromobenzene a solution of pota.ssiutn bromide i.s added to an atiueous 
.solution of benzenediazonium sulphate containing free sulphuric acid, 
addition of coj)|)er-<lust to this mixture evolving nitrogen and forming 
bromobenzene. 

Replacement by iodine is induce<l readily by adding a warm solution 
of potassium iodide to a diazonium-sulphate .solution, it being unnecessary 
to cmidoy cojjjjer or cuprems chloride. 

5. Replacement of the diazonium-group by the cyano-group . — This 
replacement also is efTcctcd readily in presence of copper compounds. 
The solution of the diazonium salt is added to one of potassium cuprous 
cyanide: 

CeHs • N2 • CH-KCN = C0H5 • CN-I-N2+KCI. 

This reaction is of great importance for the synthesis of aromatic acids, 
these substances being produced by hydrolysis of the carbonitriles 
formed. 

6. Replacement of the diazonium-group by sulphur . — Addition of a 
solution of potassium xanthate (264) to one of a diazonium salt usually 
precipitates the diazonium xanthate: 

CcHs- Na- Cl-fKS. CS. OC2Ha=C«H5* N2-S. CS- OCaHs-f-KCl. 
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Warming the precipitate with its mother-liquor liberates nitrogen, 
sulphur becoming attached directly to the nucleus to form -phenyl 
xanthate, C6H6*S*CS*OC2ll5. The constitution of the product is 
indicated by its oxidation to bcnzcnesulphonic acid. This reaction 
was discovered by Leuckart, and furnishes a valuable method for the 
introduction of sulpho-groups into benzene derivatives at positions 
not accessible through the direct action of sulphuric acid. 

These processes illustrate the importance of the diazonium salts as 
intermediate products in the preparation of numerous substances. 
As they are derived from amines prepared by the reduction of nitro- 
compounds, obviously the nitration of aromatic derivatives is a reac- 
tion of groat importance, the nitro-group being replaceable at will by 
almost all other elements or groups through the medium of the amino- 
compounds and the diazonium compounds. 

308. The reactions of the diazonium compounds can be explained by 
assuming them not to react directly, but to undergo preliminary conver- 
sion into .syndiazo-cfmiprmnds subsequently decomposed with evolution of 
nitrogen. The formation of phenol can be represented by the scheme 

CJIs OH Cell* OH C«Hf,OH 

I I Phenol 

= HC1+ N=N NsN , 

8j/nV>uizo~ 
hydroxide 

Diazonium 
chloride 

and that of chlorobenzene by the scheme 


C.H« Cl 

Call* Cl 

CallaCl 

1 

1 1 

Chlorobenzene 

NsN-h 

= HC1+ N=N 

N=N. 



Cl H 

synDinzo- 

chloride 



The reactions between diazonium salts and alcohol are explained by 
the schemes 

CeHs OC2H* /Cellfi OCJIsX CeHa— OC.H5 

N=N+ I ->\ N=N 

Cl H Cl— H Cl— H 

G«H( H CaHs — ^H (Formation of a hydrocarbon.] 

NsN+ I — N=N 

• I 

Cl CaHaO ClOCaHc [DecompoaiU on^i nto chloride and 


N=N-|- 

I 

Cl H 
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As these transformations of diazonium salts cannot be represented by 
the aid of the other possible structural formula, CeHfN^N'X, evidently 
it must be rejected (306). 

Most of the si/ndiazo-compounds are very unstable. They citangc 
readily into nn/fdiazo-compounds assumed not to have the phenyl-group 
and the acid-residue contiguous, and therefore to lack the power of uniting: 


C,H6 X 

N-- — N 

&yn Diazo-roiiipountl : 
CsHa iind X ran unite 


CoHs 

I 

N=N 



ri n / 1 0 i a zo-r oin pound ; 
CbiU and X cannot unite 


With substances such as the tliazocyanicltis IIantzsch was able to 
isolate these intt'rinediate products, thereby confirininf^ these views. The 
addition of cyanides to diazotized \xMoroa 7 iiUnc, C 1 *(^gH 4 * NHo, is an ex- 
ample. \^-Chlorobcnz()nitrile, CI-C6H4-CN, is not formed immediately; but 
it is possible to isolate a yellow intermediate product, Cl*CbH4*N2*CN, 
convert(‘d into p-chlorobenzoiiitrile by addition of coi)per-dust, the action 
bein^i; accomi>anied by an ent^rgt'tic evolution of nitrogen. This y(*llow 
internu'diate i^-rhlorohenzcrtc^ywdiazocijanide is very unstable, and speedily 
change's to the isomeric ^??/i-compound, a substance unaffected by copper- 
dust. Stereo(?hemical ttu'ory therc^fore affords a satisfactory explanation 
of the observed phenomena. 

309. The importance of the diazonium compounds is not confiruKl 
to rc'aetions involving the elimination of the nitrogen atoms, for they" 
arc letaincd in some important derivatives. 

1. DiazoaminO’-compoundH arc obtained by the action of primary 
and secondary aniin('s on diazonium salts: 


C(5H.vN 2- (^H-H NHC6H5 = CoH5-N:..NHCr,Hr,+lICL 

Diazouiiiiiiobenzcnc 

They arc produced also by the interaction of nitrous acid and free 
aniline instead of an aniline salt. In this reaction b(;nz('nediazoniutn 
hydroxide or benzenodiazohydroxide can be assumed to bo the primary 
product, and instantly to react with a molecule of the aniline still 
present: 


I. . NII 2 -I-HNO 2 = CeHs • N 2 • on -|- ITaO. 


II. C6H5-N2- 1 OH + H I NHCqHs = CfilTs • N : N • NHC:!GH.r, + H 2 O. 

Benzenediazoh ydroxide 

The diazoamino-compounds are crystalline and have a yellow 
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colour. They do not unite with acids. In acid solution they are con- 
verted by nitrous acid into diazonium salts: 

CoHs* N; N- NIIC«H5+HN02-f-2IICl = 2C«H.v Na- Cl-f 2H2O. 

2 . Diazonium salts combine with aromatic amines, especially the 
tertiary derivatives, to fonn aminoazo-compounds by attack on the 
paro-position of the amin* . 

(.Ws* NaC.^l+H- CoHi • N(CH ;,)2 = HCl+CoHs- N=N- CJI, • N((^TI:s) 2 . 

Diiiiothylaiiilino Dinipihylatiiitioazfilx'nzone 

When diazoaniino-comj>ounds are heated witli aniline and its h^'dro- 
clilfiride, they yield aininoazo-eoinpounds, diazoaniinobeiizene beinj^ 
transformed into aminoazohcmcnc^ X : N • Cfill4- XII2. Tlie first 

step in this process is the conversion of the diazoaniino-compound into 
aniline and benzenediazoniuin chloride, the para-hydrogen atom of this 
chloride then rcsacting with more aniline. The ae.curae^y of this view of 
the mechanism of the process is provcid by substituting Aa-toluidine for 
aniline in the second stage, the product th(‘n being heuzetieazololuidine: 

C.H,- N Cl-hH • C JI3 < HCl+CoH N- N • C«H., < 

Hf'nzrnf'azotolujilinR 

3 . Diazonium salts react similarly with phenols, forming hydroxyazo- 
compounds. This combination rcqumis the i>rosonce of alkalis: 

C«n.v Na - 1 CU-f-H|Cc,H 40 II = CoHf,. N: N. C^.JDOHH-HCI. 

Phenol Ilydroxyazobenzeiie 

Important dyestuffs are derived from hydroxyazobenzene (341). 

Vni. HYDRAZINES. 

310. The typical derivative of hydrazine is phenylhydrazine, 
C6H6-NH‘NH2, mentioned several times in the aliphatic series in con- 
nexion with its action on aldehydes, ketones, and sugars (103, 203, 
and 209). It is formed by the reduction of diazonium salts such as 
benzenediazonium chloride by the action of the calculatetl quantity of 
stannous chloride diasolved in hydrochloric acid: 

CoHs- N2 • C 1 -I- 4 H = CeHf,. NH— NH 2 ,IIC 1 . 

The hydrochloride, CftH.5-NH*NH2,HCl, separates, being soluble with 
difficulty in water and almost insoluble in hydrochloric acid. 

Phenylhydrazine is a colourless oily liquid, and in the air turns 
brown. Its melting-point is 19 * 6 °, and its boiling-point is 241 °. Boil- 
ing at the ordinary pressure causes some decomposition. It is only 
slightly soluble in water. 

Phenylhydrazine is decomposed by energetic reduction into aniline 
and ammonia. It is veiy sensitive towards oxidizers, its sulphate 
being converted by mercuric oxide into the diazonium salt. Usually 
oxidation goes further, and eliminates the nitrogen from the molecule, 
an alkaline copper solution converting it into water, nitrogen, and 
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benzene. Phonylhyclrazine has a wholly basic character, and yields 
well-defined crystalline salts. 

I’hcnylhydrazine is indicated to have the constitutional formula 
Cells •NH*NH 2 by the following reactions. A secondary amine is 
converted by nitrous acid into the corresponding nitrosoamine: 


Monuinothylaniline 




NO 

(^ 3 * 


Ni trosornethylaniline 


Careful reduction of this substance yields methylphenylhydrassine, 

CoIIr,.N<J?jY“, also obtainable from phenylhydrazine by the action of 

sodium, one hydrogen atom ]>eing replaced by the metal. With methyl 
iodide this sodium compound gives the same methylphenylhydrazine: 

Colls • Nil . NHa CoHs • N < CoHs • N < 


IX. AROMATIC MONOBASIC ACIDS: BENZOIC ACID AND ITS 

HOMOLOGUES. 


31 1. Be.tvzoic acid, (^oHo^COOH, can be prepared by many methods. 
'■J'he most important reactions will be described. 

1. By the oxidation of any aromatic hydrocarbon with a side- 
chain: 

C6H6'(Ul2n + 1 Cells -COOH. 

Being inexpensive, toluene is specially serviceable for this purpose. 
In the manufacture of benzoic acid, toluene is not oxidized directly, 
but reacts at its boiling-point with chlorine. Bemotrichloride, 
CoIIs’C'^Cls, is the initial product, and is cx)n verted into benzoic acid by 
heating with water: 

Cl lllOH 

CoHs-C Cl-i-H OH-H20=C6n5-COOH-|-3HCl. 

Cl h| oh 

Benzoic acid prepared in this way often contains traces of chlorobemoic 
acid, C 6 H 4 C 1 -COOH. 

2. By the oxidation of aromatic alcohols or aldehydes, such as 

XT 

benzyl alcohol. Cells •CH 2 OH, or benzaldehyde, CoHs-C^q; or of 

alcohols, aldehydes, or ketones with longer side-chains; or of any 
compound containing a side-chain with one carbon atom in direct 
union with the benzene-nucleus. 

3. By the introduction of the cyano-group into the benzene-nucleus, 
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and hydrolysis of the henzonitrile, CfiHs'CN. The su Institution of the 
cyano-group can be effected in various ways: 

(а) By diazoti^ing aniline, and bringing the diazonium salt into 
contact with potassium cyanide (307, 5). 

(б) By distilling potassium benzenesulphonate with potassium 
cyanide (compare 78) : 

Cello •S03K+KCN= Cells -CN+KaSOa. 


(c) By the interaction of cyanogen bromide and aromatic hydro- 
carbons in presence of aluminium chloride. 

(d) By heating bromobenzene at 200“ with an aqueous-alcoholic 
solution of potassium cyanide in presence of cuprous cyanide. There 
is simultaneous hydrolysis of the cyano-group, resulting in the immediate 
formation of benzoic acid. 

4. By the action on benzene of various derivatives of carbonic acid, 
other than carbon dioxide, substances readily convertible into benzoic 
acid are formed: 

(a) In presence of aluminium chloride, benzene and carbonyl 
chloride react to form henzoyl chloride, the chloride of benzoic acid, and 
hydrogen chloride : 




• COCl = OJIr, . CX )ri -I- HCl. 

Uciizoyl chloride 


Benzoyl chloride is converted by hot water into lamzoic acid. 

(h) Benz(me and aluminium chloride react with mrbamyl chloride, 
C3-(yONIl2 (formed by passing carbonyl chloride over heated ammon- 
ium chloride), yielding benzamide, the amide of benzoic acid: 


CoH.r. II+CI 


• CONII2 = Coils • CONII2+HCI. 

}3enzaiiudc 


(c) Bromobenzene is converted by sodium and ethyl chlorocarbon- 
ate into ethyl benzoate: 


COOCalls ^ 


312. Benzoic acid is a constituent of many natural resins and 
balsams, such as gum-benzoin, Peru-balsam, and Tolu-balsam. A 
derivative termed hippuric acid (242) is present in the urine of horses. 
Formerly benzoic acid was prepared principally from gum-benzoin, and 
that employed as a medicament still is obtained sometimes from this 
source. It is a white solid crystallizing in leaf-like crystals melting at 


Colls 

+ 


Br+Cl 
Na Na 
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121 • 4°. It sublimes readily, lK)iIs at 250®, and being volatile with steam 
it can be purified by stoaiii"distillation. Its all<ali~inetal salts dissolve 
readily in water, most salts of other bases being soluble with difliculty. 

The soIuI)iIity-<-urv(* (“ Inorganic Chemistry,” 236 ) of benzoic acid has 
been the subject of careful investigation on account of its interesting char- 
acter (Fig. 71). The solubility increases somewhat rapidly with rise of 
temperature up to 90° {AB). At that temperature the acid melts beneath 
the water, an<l two liijuids are produced. One of them is an aqueous 
solution containing 1 1 • 2 iK*r cent. <»f acid (point B)] the other consists 
prinei|)ally of the acid, containing 9.')*8S per cent, (point D). The mutual 
.solubility f)f th(*s«* Iay('rs is represented in the part BCD of the curve, BC 
<!(jrrespoiiJing with the a(]ucotis layer, and DC with the acid layer. The 
com])ositiou of the two layers becomes more and more alike us the tem- 


100 P 



• Fig. 71. — Solubility-curve of Benzoic Acid in Water. 

perature rises, the water dissolving more benzoic acid, and the acid more 
water. At 1 16° they are identical in composition, the liquid having become 
homogeneous again. 

If more benzoic acid bo added to the acid layer only at 90°, it is neces- 
sary to raise the temjierature to keep all the acid fused; and there is obtained 
the line DF ending at F, the melting-point of pure benzoic acid or 121 •4°. 
DF therefore represents the melting-point-curve of the acid corresponding 
with the addition of increasing amounts of water. 

Derivatives of Benzoic Acid. 

313. Benzoyl chloride, CeHs^COCl, can be obtained by the action 
of phosphorus pcntachloride or oxychloride on benzoic acid, or by the 
method of 3x1, 4a. It is a liquid of disagreeable odoui, and boils at 
194°. It is manufactured by the interaction of chlorine and benzalde- 
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hyde, CaHg'CQ. It reacts with water very slowly at the ordinary 

temperature, a difference from acetyl chloride. 

Benzoyl chloride is employed in the introduction of the benzoyl- 
group, CflHa'CO — , into compounds. This operation is effected by a 
method discovered by Bai aann and Schotten, involving agitation of 
the substance in alkaline solution with benzoyl chloride. 

Amines arc licnzoylated readily by suspending their hydrochlorides in 
benzene, adding the equivalent «iuantity of benzoyl chloride, and heating 
until evolution of hydrogen chloride has cea.sed. 

Benzoic anhydride, GaHsCO-O-COCkTIs, is formed by the inter- 
action of a benzoate and benzoyl chloride : 


CeHs-CO-O Na+('l .OCCoHf, = NaCl4-C6H5CO-O.COC6Hr,. 


At the ordinary temperature it is very stable towards water, but the 
boiling liquid decomposes it so as to generate benzoic acid. 

Sometimes the formation of ethyl benzoate (311, 4c) is employed as 
a test for ethyl alcohol, as it possesses a characteristic peppermint-liko 
odour. 

Bemarnide (31 1, 46), C6H5*CONH2, can be prepared by the action 
of ammonia or ammonium carbonate on benzoyl chloride. It is crystal- 
line and dimorphous, melting at 130°. In 96 the influence of the nega- 
tive acetyl-group is stated to cause the hydrogen atoms of the amino- 
group in acetamide to bo replaceable by metals. Benzamide displays 
this property to an even greater extent, on account of the more negative 
character of the benzoyl-group; for the value of the dissociation- 
constant for acetic acid is 10^A’=0*18, and that for benzoic acid is 
104A:=0-60. 

The silver comfXUin<l of benzamide reacts with an alkyl iodide at 
the ordinary temperature to form the 0-ether benzine iminoether, 

Cdh-CT 

^Nn 


The constitution of this substance is proved by its conversion by alkalis 
into ammonia anil alcohol, instead of into ethylamine and iKsnzoic acid. 
In contrast, contact of the silver comi)ound with an alkvl iodide at 100° 

jdelds the A^-alkide CeHn • , the course of the reaction being 

indicated by the decomposition of the A^-alkide into ethylamine and benzoic 
acid. 




400 MONOSITBSTITUTTON-PRODUCTS op hydrocarbons [§314 


Bemon^rtie, CeHs’CAf, is produced by methods described in sit, S, 
and also can be prepared similarly to the aliphatic nitriles, as by the 
action of phosphoric oxide on bcnzamide. It is a liquid with an odour 
resembling that of bitter almonds, and boils at 191°. It has all the 
properties characteristic of the aliphatic nitriles. 

The homologues of benzoic acid such as the toluic acids, 

CH3-CfiH4*COOH, 

and the xylic acids, (CH3)2C6H3‘COOIT, are crystalline solids very 
slightly soluble in water. They arc prepared by methods analogous 
to those employed for benzoic acid. 


X. AROMATIC ALDEHYDES AND KETONES. 

Aldehydes. 

TT 

314. BemaMehyde, Colls -Cq, is the best-known of the aromatic 

aldehydes. Like the aliphatic aldehydes, it is formed by the oxidation 
of the corresponding benzyl akiohol, CoHs *0112011, and by the distil- 
lation of a mixture of a benzoate and a formate. It is manufactured 
by heating benzol chloride, CoHs *011012, with water and calcium car- 
bonate, a method whose aliphatic analogue is without practical impor- 
tance: 


H 


C 6 H 5 *ctt 012+;; 


- II2O = CoHs * 0^-1- 2HC1. 


Another method for the technical preparation of benzaldehyde 
involves direct oxidation of toluene with manganese dioxide and sul- 
phuric acid in presence of a small proportion of cupric sulphate as 
catalyst. 

The following methods are employed in the preparation of the homo- 
logues of benzaldehyde: 

1. When ethyl chloro-oxalate is brought into contact with an aromatic 
hydrocarbon in presence of aluminium chloride, the ethyl ester of a 
1-ketonic .acid is ]>roduced : 

CoHs+ClCO— COOC,Hs=C6lL*CO*COOC2H»+nCl. 

Kthyl chloro-oxalate 

The free acid is obtained by saponification, and dry distillation expels 
carbon dioxide to form the aldehyde: 

C,H4 * CO* CO,H = C.H.* C® +CO2. 

2. An aromatic hydrocarbon and a mixture of carbon monoxide and 
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hydrogen chloride react in presence of aluminium chloride and a trace of 
c uprous chloride. Formyl chloride, HCOCl, can be assumed to be an inter- 
mediate product: 

CH,- C.H5+CIOCII =CH3- C,H4- C JJ-I- IICl. 

315. Bcnzaldehyde occurs in the natural product amygdaloside, 
C20H27O1JN (256), and on this account it is termed oil of hitter almonds. 
It is a liquid of agreeable odour, is slightly soluble in water, boils at 
179“, and at 15° has the density 1*()504. It has most of the properties 
of the aliphatic aldehydes, being oxidized readily even by the oxygen 
of the atmosphere, especially under the influence of sunlight. It also 
reduces an ammoniacal silver solution with formation of a mirror, 
yields a crystalline addition-product with sodium hydrogen sulphite, 
adds hydrogen cyanide and hydrogen, forms an oxime and a phenyl- 
hydrazone, and so on. 

It displays, however, points of difference from the fatty aldehydes. 
An example is the inability of ammonia at the ordinary temperature 
to yield a compound like acetaldehy deammonia, hydrobemamide, 
(C(iH5CH):iN2, being formed by the union of three molecules of benz- 
aldehydc and two molecules of ammonia: 

SCoHs* Cq -|- 2H3N= (CoH.r,(:;H)3N2+3H20. 

At —20^ ainiiioiiia does coml)ine with benzaldehydo to bemaldehyde- 
ammonia, 2 CbH 5 -CIIO,NTT 3 , its structure prol)ably being 

NHlCTI(C6ll6)-OHJ,. 

This derivative sc'parates in platens melting at 45®, After the lapse of some 
time it decomposes into hydrobenzamide, benzaldehydc, and water. It 
is an intermediate product in the preparation of hydrobenzamide. 

The behaviour of the aromatic aldehydes towards alcoholic potassium 
hydroxide is characteristic, and conforms with CvANNizzaro's reaction 
(io8), benzaldehydc yielding potassium benzoate and benzyl alcohol: 

2CcIl5- Cq +KOH = C,}H.v COOK-f-Cells* CH 2 OH. 


The aromatic aldehydes condense readily with dimethylaniline and 
with phenols to form derivatives of triphenylmethane (373): 

H 

CeHs-Cl 


, I , H 


CoH40H_^ „ .C«H40H , „ ^ 


Benzaldehyde also reacts very readily with aniline. Gentle heating 
of a mixture of equal volumes of the two substances causes the separa- 
tion of drops of water, cooling being attended by crystallization of 
hemylideneaniline, CeHs-CHrN-CaHs, melting at 45°. 

The action of chlorine on benzaldehyde is described in 3x3. 
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Benzaldehydiiphenylhydrazone^ C(iH5 • CH : N • NH • CeHs, is precipi- 
tated very n‘a(iily by the addition of benzaldohyde drop by drop to a 
sulphurous-acid solution of i)henylhydrazine, the reaction being accom- 
panied by the evolution of considerable heat. It forms pale-yellow 
crystals melting at 152^^, and is transformed by the action of violet or 
ultraviolet light into a scarlet-red isorneride, the original colour being 
restored by exposure to yellow or green light. 

Autoxidation. 

During the oxidation of various substances in the air as much oxygen 
is rendcrc‘d ‘'active^* as that utiiizc^l by the substance under oxidation, a 
j)henortienon displayed in the atmospheric oxidation of Ixuizaldehyde. If 
it be k(»pt for sevc^ral we('ks in contact with water, indigosul phonic acid, 
and air, th(' same amount of oxygon is absorbed in oxidizing the indigo 
d(Tivativ^e as in converting the benzaldchyde into benzoic acid, von 
I^AKYER j)rov<^d benzoyl-hydrogtm peroxide, (^.H^CO-O-OH, to be formed 
as an intermediate imxluct, and to oxidize the indigosuIj)honic acid, the 
peroxide being reduc(^d to benzoic acid: 

Cai5-CU()+0.-CJI,-C0-0-0II; 

C Jlf,- C(). O- 011+ Indigo = C«H,- (X)OH+Oxidized indigo. 

The oxidation of benzaldeliydc^ in tlie air must accord with the equations 

CJL-CHO+Oa-Cells-CO-O-OH; 

C«H6-C()+)-OH+C6ll5-CHO = 2C„H5-CXIOH. 

VON Baeykr demonstrated the solubility of benzoyl-hydrogen peroxide in 
benzaldcdiyde, but noted the gradual solidification of thc5 liquid to i)ure 
benzoic acid. 

The oxidation of benzaldehydc is very much retarded by the presence 
of even su(;h a small proportion of quinol as one part in a thousand, and 
other phenols such as (iatechol and pyrogallol exert a similar influence. 
This phenomenon is not limited to the oxidation of benzaldehydc; for the 
oxidation of other aldehydes, and also f)f such substances as oil of linseed 
and oil of turpentine, is strongly retarded by the presence of small pro- 
portions of the phenols cited. These remarkable phenomena were dis- 
covered by Moure u and Dufraisse, and they termed substances capable 
of decelerating oxidation ''Antioxygens." In addition to phenols certain 
other materials can exert an antioxy genic effect in some instances, an 
example being sodium iodide. 

Ketones. 

316 . The aromatic ketones can be subdivided into the mixed aromatic- 
aliphatic ketones and the true aromatic ketones. The typical member 
of the first class is acetophenone, CcHs-CO-CHa. It can be obtained 
by leading a mixture of the vapours of acetic acid and benzoic acid over 
thorium oxide, Th 02 , at temperatures between 430® and 460®; or 
more readily by the addition of aluminium chloride to a mixture of 



§317] 


AROMATIC ALDEHYDES AND KETONES 


403 


benzene and acetyl chloride. It is a crystalline substance of agreeable 
odour, melts at 20®, and boils at 200°. It is slightly soluble in water, 
and possesses all the properties of the aliphatic ketones. It is employed 
as a soporific under the name “ hypnone.” 

Benzophenone, CgHs • CO • CoHa, is a true aromatic ketone, and is 
produced by the dry distiLation of calcium benzoate, and by the action 
of benzene and aluminium chloride on benzoyl chloride or carbonyl 
chloride. This compound is a true aromatic derivative, but it behaves 
exactly like an aliphatic ketone, for its reduction yields henzhydrol, 


Colls *011011 *06115, and henzptnacol, 


(C6TT5)2C C(C6H6)2 

OH on 


(iso). 


Fusion of benzophenone with potassium hydroxide ^ves benzene 
and potassium benzoate;: 


CoTTr, ■ CO . Colls + KOII = CoHe + Cellf, • COOK. 


317. Benzophenone exists in an unstable modification melting at 
27°, and in a stable form melting at 49°. 




Fio. 72.— Knantiotropic 

StrBSTANCK. 


Fio. 73. — Monotuopic 

SCHSTAVCK. 


The relationsliij) of these substances is one of monotropy, the meta- 
stable modification at all temponttures up to its mplting-iM)int changing 
to the stable from, but the process not Ixung reversible. The; explanation 
lies in the fact of the transition-p<iint of the two modifications being higher 
than the melting-point of the metastable i.someride. 

For a substance with a transition-point O the vapour-pressure P in the 
neighbourhood of this point is reprcsent<;d by ]'’ig. 72 (“Inorganic Chem- 
istry,” 70 ). AB is the vapour-j>ressurc curve of the fused substance. 
Its direction must be such as to Iw lower on the right than any other curve, 
and therefore to be nearest to the horizontal axis. As rise of tem]x;rature 
ultimately occasions the fusion of all solid forms, above a temperature 
definite for each substance the liquid phase must be the more stable, and 
therefore have the lower vapour-pressure. Ofi is the melting-point of the 
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metastnhle modiScation, n tomjx'rature higher than the transition- ' 
and Oft is that of the stable modification. 

Jlfcan be situated so as toplace/i and/j below O (Fig. 73). The melt- 
Ing-pointin tJiis instance being lower than the transition-jx)int O, the trans- 
formation cannot be attained. Under such conditions the metastahle 
modification remains in the metastahle state up to its melting-point, the 
substance l>eing monotropic. In the more usual phase of enarUiotropy, rlso 
of temperature causes the compound to attain the transition-point, then 
to undergo transformation, and finally to melt. 

Oximes. 

318. Some of the oximes of the aromatic aldehydes and ketone.s 
exhibit a jicculiar kind of isom(;risni. There are two isomerides of 
benzaldoxime, henxantialdoxime (a) melting at 35°, and hemsynaldoxime 
(jS or iso) molting at 128°. With acetic anhydride the /3-form readily 
loses water to yield benzonitrile: 

CsHsCH 

II I =C6H5-C=N-|-H20. 

n;oii 

Acetic anhydride converts the anfoaldoxime into an acetyl-derivative. 

Isomerides of the ketoximes with R and R' similar do 

not exist, but for dissimilar groups two isomerides are known. Ben- 
zophenoneoxime and its derivatives furnish examples. Despite many at- 
tempts to prepare an isomeride,bcnzophenoncoximc is known in one modi- 
fication only; but after substitution of hydrogen in one phenyl-group 
two isomeric oximes can be obtained. The substances monochlorohemo- 
phenone, CeHs • CO • C6H4CI, monohromobenzophenone, Cells • CO • C6ll4Br, 
phenyltolylketone, CII3 *06114 ‘CO -Cells, and phenylanisyllcetone, 
CH30*Con4*CO*CoHs, are examples of ketones yielding two isomeric 
oximes. Many other compounds of this type could be cited. 

After several ineffectual attempts to explain such isomerism by 
the ordinary structural formula), the following stereochemical explana- 
tion of the observed facts was adopted. The three affinities of the 
nitrogen atom are assumed to be directed towards the angles of a tetra- 
hedron, the nitrogen atom being situated at the fourth angle : 


N 



X 
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With the three nitrogen bonds attached to carbon, as in the carbo* 
nitriles, the following spacial representation is obtained: 


CH 



N 


In this instance stereoisomerism is impossible, and experience has 
proved none of the numerous known nitriles to have two forms due to 
isomerism in the cyano-groups. 

With the nitrogen atom attached to carbon by two bonds, two 
isomeric forms bensome possible: 




These formulsc can be rei)resentc‘d more readily by 

X-C— Y X— C3— Y 

II Jind II 

N— Z Z— N 

Obviously different configurations for such compounds are obtained 
only when X and Y arc different, for when they are similar the figures 
become identical. This view agree* with the facts stated at the; begin- 
ning of this section. 

XI. AROMATIC PHOSPHORUS AND ARSENIC DERIVATIVES. 

319. There are known compounds of i)hosphorus and arsi'iiic with 
aromatic hydrocarbons, having con-stituents similar to those of the nitro- 
compounds, azo-compounds, and amino-compounds. 

Phosphinobemene, C»fIi*P02, camiot be obtained analogously to nitro- 
benzene, by the interaction of metaphosphoric acid and benzene. It is 
prepared by the action of phenylphosphinic add (72) on its chloride: 

C,H. • PO(OH) 2-1- C.Hi • POCI2 = 2 C,H 6 • PO2+2HCI. 

Phenylphosphinio Pheiiylphosphinyl 
acid chloride 

It is a white, crystalline, odourless powder. 

Ph^nylphosphine, CoHs'PH,, is obtained by distilling phosphenyl chlor- 
ide, CsHs’PCb, with alcohol in a current of carbon dioxide. It is a liquid 
of very penetrating odour. It cannot be obtained by the reduction of 
phosphinobenzene. 
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Phosplu}henzen€j Colic- l^-P-CsHs, is got by the action of phenyl- 
phosphine oil phosphonyl chloride: 

CeHs • P I CuTh,] p. C.H* = C,lh • P : P- C JI6+2HC1. 

It is a pale- 3 ^ellow powder, insoluble in water, alcohol, and ether. It is 
oxidized energetically by weak nitric acid, forming jihosphenylous acid^ 

/Cells 
OP^Il . 

\on 


Phosphenyl chloride, ('r.Hc-J'Cb, the starting-point in the preparation 
of these and other aromatic phosphorus derivatives, and its homologues 
can be prepared by lieating aromatic hydrocarbons with phosphorus tri- 
chloride and aluminium chloride under a reflux-condenser. 

Arsinobenzeney Celle •ASO 2 , is obtained by the elimination of water 
from phenyhirsinic acid, CJIb* AsO(OH) 2 , under the influence of heat. 

Arscnobcnzenc, CeHr,* AsrAs-CcHs, is formed by tlie reduction of phenyl- 
arsine oxide, C6lI&*AsO, with phosphorous acid. It forms j'^ellow needles, 
and is converted by oxidation into phenylarsinic acid, CcHi- AsO(OH) 2 . 

Other aromatic arsenic derivatives are mentioned in 339. 

The following series of compounds are known: 


CoHo-NOa 

Nitrobenzene 

CJIs-PO^ 

Phosphinobonzene 

CoHs-AsOj 

Arsi nobenzene 


aH,.N.-c.H5 

Azobciizenc 

CeHa-P^-C.IIa 

Phospiiobenzeiie 

CeHfr • ASa • CflHft 
Aracnobeiizene 


C.Ha-NH* 

Phenylamino 

C,Hs-PH, 

PhenylphoBphine 


Although these (compounds have analogous formuljp, both the methods 
employed in the preparation of the indiviclual members of each scries, and 
the properties of the individuals, exhibit wide divergences. 


Xn. AROMATIC METALLIC COMPOUNDS. 

320. Mercury, tin, lead, and magnesium are the only metals capable 
of yielding aromatic compounds; and they are much less important than 
the metallic compounds of the aliphatic series. Mercury phenide, Hg(C 6 H 6 ) 2 , 
is obtained by the action of sodium-amalgam on bromobenzene. It is 
crystalline, and resembles the corresponding alkyl-derivatives in its sta- 
bility towards atmospheric oxygen. Passage of its vapour through a red- 
hot tube decomposes it into mercury and diphenyl (371), and a similar 
partial effect is produced by distillation. 

Heating mercury acetate with benzene at 110® produces phenylmercury 
acetate, CcHs-Hg-OOC-CIIs, the acetic-acid salt of the base phenylmercury 
hydroxide, CeH^-IIg-OH. The homologues of benzene, nitrobenzene, and 
other substances yield analogous compounds. 

Aromatic magnesium compounds are mentioned in 289. 



BENZENE HOMOLOGTTES WITH SUBSTITUTED SIDE-CHAINS. 

321. The introduction of a substituent into a lioinologue of benzene 
is possible in the nucleus or in the side-chain. The second type of 
substitution has been investigated exhaustively for the toluene deriva- 
tives with hydrogen of the methyl-group replaced l)y various substitu- 
ents. These substances are to be n'garded as methane with one hydro- 
gen atom replaced by phenyl, and one or mor(i of the other hydrogen 
atoms exchanged for a corresponding number of atoms or radicals. 
A close approximation between the properties of these compounds and 
those of the corres^wnding aliphatic derivatives is to be anticipated, a 
view finding abundant (ionfirmation in the facts recordc^d in this chapter. 

I. COMPOUNDS WITH HALOGEN IN THE SIDE-CHAIN. 

In the interaction of chloi-ine or bromine and toluene, the entrance 
of the halogen into the nuchms or into the side-chain is determined by 
the experimental conditions. Compounds of tlic type X*r6lT4*CH3 
arc designated halogen-tolueMefi, and those of the formula Cells •CIT2X 
benzyl halides. A summary of the influence exerted by the experimental 
conditions is subjoined. 

1 . Temperature. — At low temi)eratures, halogens substitute in the 
nucleus; and at high temperatures, they enter the side-chain. This 
phenomenon is exemplified by the conversion of cold toluene by clilorine 
into o-chlorotoluene and p-chlorotoluenc; and also by the action of 
chlorine or bromine on boiling toluene ( 110 °) to produce benzyl chloride, 
C8H6*CH2C1, or bemyl bromide, C6n5*CH2Br, almost e.xclusively. 

2. Sunlight. — A striking example of the influence of light is furnished 
by the dark-brown mixture of toluene and bromine. At the ordinary 
temperature in absence of light, interaction is very slow, an interval of 
many days being necessary for the complete disappearance of the bro- 
mine, and the formation of hydrogen bromide and bromotoluenes. 
Exposure of the mixture to daylight induces decolorization in a few 
minutes, the bromine entering the side-chain only. 

Many instances of the influence of light on chemical rca(;tions have 
been observed. They include the intramolecular rearrangement of 
atoms and groups; the acceleration of reaetions; and, as in the example 

407 
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cited, the formation of compounds entirely different from those formed 
in absence of light. 

3. Conceniraiion . — The proportion of halogen to toluene has an 
important influence. At 50° in absence of light, the product obtained 
by the interaction of bromine and toluene in the molecular ratio 1:4*26 
contains 24*1 per cent, of benzyl bromide, but in the ratio 1:28 *55 it 
has 9.5*3 per cent, of this substance. 

4. Catalysts . — Aluminium or ferric halides have a very powerful 
catalytic action. So small a proportion of ferric bromide as 0*002 
gramrnc-inoiccule to each gramme-molecule of bromine completely 
annuls all other influences, and causes substitution in the nucleus only, 
the course of the reaction being unaffected by the presence of light, by 
high temperature, and by variation in the concentration. 

The benzyl halides, CoH 5 *CH 2 X, arc readily distinguishable from 
the isomeric halogen derivatives of toluene. In the first place, their 
halogen atoms display the same aptitude for reactions involving double 
decomposition as those of the alkyl halides, but the halogen atoms of 
the isomeric halogen-toluenes arc as firmly attached as tho.se in the 
monohalogen-benzenes. In the second place, the benzyl halides are 
converted by oxidation into benzoic acid. Colls *COOII, but the halogen- 
toluenes yield halogen-benzoic acids, CoIl 4 X*COOH. In the third 
place, the halogen-toluenes are characterized by their faint, but not 
disagreeable, odour; but the benzyl halides have a most irritating 
effect on the mucous membrane of the eyes, a property siiecially notice- 
able in benzyl iodide. 

Benzyl chloride is a colourless liquid of stupefying odour intensified 
by warming. It boils at 178°, and at 15° has the density 1*113. 
Benzyl bromide also is a colourless liquid. Benzyl iodide is prepared by 
heating benzyl chloride with potassium iodide, melts at 24°, and is 
decomposed by boiling. It has a powerful and unbearably irritating 
odour productive of tears, and was employed for filling lachrymatory 
shells in the great European war. 

The prolonged action of chlorine on boiling toluene yields hemal 
chloride, C 6 H 5 *CIICl 2 , and bemotrichloride, C 6 H 6 *CCl 3 . 


U. PHENYLNITROMETHANE AND THE PSEUDO-ACIDS. * 

322. Phenylnitromethane, CeH**CHiNOs, is an aromatic compound 
with a nitro-RToup in the side-chain, as is evident from its formation by 
the action of benzyl chloride or iodide on silver nitrite: 


C.H, * Cn, [Cl+Ai] NO, = C,H, * CH,Np,+AgCl. 
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It can be reduced to benzylamine, proving it to be a true nitro-compound. 
Phenylnitromethanc, and its derivatives with substituents attached to the 
nucleus, exist in two tautomeric modifications readily transformed into 
each other. Phenylnitromethane is a liquid, and its aqueous solution does 
not react with ferric chloride. After conversion into its sodium derivative 
by the action of sodium alkoxide, addition of excess of a strong mineral 
acid causes the separation of a crystalline substance of the same composi- 
tion as phenylnitromethane, but its aqueous solution gives a coloration with 
ferric chloride. After the lapse of sf)ine hours, these crystals will have 
become reconverted completely into the ordinary liquid phenylnitrome- 
thane. Probably the sodium compound and the unstable modification 
corresponding with it have the constitutions 

C JI5 • CH : NO • ONa and CcHft • CII : NO • OH. 

The prc^sencc of a hydroxyl-group is indicated by the formation of dibenz-- 
hydroxamir. acid through the agency of benzoyl chloride; 

C«Us • CII : Nr +C10C • CeH. CJI* • CII : Nr -♦ 

^ONa X)-0C*C.H6 

Sodiophonylwo- 

nitromothano 

-> C,H6 • CO— N— O • OC • Colls. 

•H 

Dibenzhydroxumio acid 


isoNitro-com pounds differ from ordinary nitro-cornpounds in reacting 
vigorously with phenyl /wc^yanate at low temperatures, another indication 
of the j)resencc^ of a hydroxyl-group. 

These facts show the conversion of phenylnitromethane, CoH6*CH2N02, 
into a salt to be preceded by the formation of an isomeric modification. 
Inversely, liberation from its sodium compound produces first the iso- 
modification or ocf-modification, it changing slowly to the ordinary form. 

The dilute aqueous solution of in~nilro phenylnitromethane affords a 
striking example of this phenomenon. This compound is colourless, but 
its sodium salt has a deep-yellow colour. The addition of an equivalent 
quantity of hydrogen chloride to its deeply-tinted solution causes the yellow 
colour to disappear somewhat slowly, indicating the conversion of the 
iso-compound into its normal isomeride. 

The discharge of the colour is attended by another phenomenon, the 
electric conductivity of the liquid being considerably greater immediately 
after the addition of the hydrogen chloride than some minutes later, when 
the colour has nearly vanished. The explanation lies in the iso-form being 
a true acid, and therefore a conductor in aqueous solution, the solution 
of the normal modification being a non-conductor, and therefore not pos- 
sessing an acidic character. 
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The formation of an oa-modificalion is characteristic of various com- 
pfiunds, notai)Iy tlie nitroparaffins, pyrazolones, oximes, and nitrophenols. 

323. Ihisides the prf)perties indicated, the pscja/o-acids possess others 
available for tiieir detect ion. As sbttml, the addition of a strong acid to a 
psewlo-txcul salt liberates the act-form, and it is converted slowly into the 
normal modification. Inversely, the addition of an equivalent quantity 
of caustic; alkali to the normal modification causes its gradual neutraliza- 
tion. This “slow neutralization ” is si characteristic of the pseado-acids. 

Another of their distinctive peculiarities is illustrated by the liberation 
of (Unitroctham from its .sodium .salt in accordance with the equation 

/NO2 /NO2 

Clla-C’/ +nCl=CH2-C< -l-NaCl, 

^NO-ONa ^NO-OH 

aci- 1 )i tii t r octb ane 


and its subseiiuent rapid conversion into the normal compound. 


CHrClK 


NO2 

NO2’ 


a change in the electric conductivity of the solution being scarcely observ- 
able even at 0°. The rwnitral rea<;tion of the alkali-metal derivatives of 
the non-conducting or Aveakly-conducting hydrogen compound neverthe- 
less indicates the existence of a /isewdo-acid. An acid so weak as to be 
in solution a bad conductor of electricity yields alkali-mctal salts subject 
to extensive hydrolytic dissociation, and therefore with a strongly alkaline 
reaction (“Inorganic Chemistry,” 66). Such a substance as sodiodini- 
troethane forms a non-alkaline solution, and therefore must be derived 
from an acid other than dinitroethanc, for this substance has a neutral 
reaction and in a(|ucous solution is a non-conductor. 

The difference in structure between the salt of a psetulo-sucid and the 
free acid can be detectetl also by refraction. Comparison of the molecular 
rcfraction of an aqueous or alcoholic solution of an acid with that of its 
sodium salt reveals a constant difference, even for weak acids. For a 
solution in the eciuivalent {quantity of caustic alkali of a nitro-compound 
capable of yielding a pseudo-acid, the difference Ixitween the molecular 
refraction of the acid and that of the salt formed is much greater. This 
phenomenon indicates the transformation of the pseudo-acid into its ad- 
form to be an intermediate process preceding the formation of the salt. 

The formation of such oct-forms has been observed for various types 
of compounds, the chief being nitroalkanes, nitroacetonc, alkylnitrolic 
acids, nitrosoamines, oxyazo-compounds, pyrazolones, oximes, and nitro- 
phenols. 
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m. ACIDS WITH CARBOXYL IN THE SIDE-CHAIN. 


324 . One of the compounds with a saturated side-chain is phenyl- 
acetic acid, C(}H 5 *CH 2 ‘C 00 H. It is prepared by the interaction of 
potassium cyanide and benzyl chloride, followed by hydrolysis of the 
benzyl cyanide, CcH'-,*(!;n 2 'CN. Phenylacetic acid melts at 76°, and 
is converted by oxidation into benzoic acid; but the isomeric toluic 


acids, C 6 H 4 < 


CH;, 

COOH 


, are transformed by oxidation into the dibasic 


phthalic acids. 

Mandelic acid has both hydroxyl and carboxyl in the side-chain. 
Its constitution is CoHfi-CITOH-C’OOTT, as its synthesis from benzalde- 
hyde and hydrogen cyanide indicates. In this reaction mandelonitrile, 
CeH.'i'CHOH'CN, is an intermediate product. Addition of quinine 
to the mixture of benzaldehyde and hydrogen cyanide renders the syn- 
thesis asymmetric, an optically active mandelonitrile being formed. 
The quinine operates as an optically active catalyst, its effect being 
similar to that exerted by the enzyme emulsin. The mandelic acid 
found in nature is laevorotatory. The synthetic acid can be resolved 
by the action of cultures obtained from mildew {PeniciUium glaucum), 
the dextrorotatory acid being left intact. The decomposition is attained 
also by the formation of the cinchonine salts, that of the dextrorotatory 
acid crystallizing first. 

Inactive mandelic acid is termed also “ para-mandelic acid.” It 
melts at 1 19°, and dissolves very readily in water. The optically active 
modification melts at 134°, and is less soluble in water. 

Tropic acid is one of the parent substances of atropine ( 41 1 ). 


The synthesis of tropic acid involves the condensation of acetophenone 
with hydrogen cyanide, and the hydrolysis to atrolactinic add of the carho- 
nitrilc formed. Dry distillation eliminates one molecule of water from 
atrolactinic acid and forms cUropic add, one molecule of hydrogen chloride 
being added to this substance through the influnnee of a concentrated 
solution of this halogen acid. Boiling with a dilute; solution of sodium 
carbonate converts this addition-product into tropic acid: 


yCH, 

C.H*.C~OH 

\COOH 

Atrolactinic 

acid 


.r/ 


CH* 


Cdh-Ci 

\COOH 

Atropic acid 


/CILCl 

CcH,.C^H 

\COOH 

Addition-product 


/CILOH 

Celli-C^H 

\COOH 


Tropic acid 
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IV. AROMATIC ALCOHOLS. 

325. Benzyl alcohol, Cr.H6-CH20H, is the typical aromatic alcohol, 
and possesses nearly all the properties of an aliphatic alcohol. It can 
be obtained by the interaction of benzyl chloride and potassium acetate, 
and saponification of the ester of acetic acid formed. It can be pre- 
pared also by the electro-reduction of benzoic acid in sulphuric-acid 
solution with load cathodes. It reacts readily with phosphorus penta- 
chloride, yielding benzyl chloride; and it forms esters, ethers, and other 
derivatives. Being a primary alcohol, it can be oxidized to the cor- 
responding aldehyde, benzaldehyde (314), and also to benzoic acid 
(312). It differs from the aliphatic alcohols in being resinifie<l by sul- 
phuric acid, and not converted into the corresponding sulphuric ester. 
Benzyl alcohol lacks phenolic properties; for it is insoluble in alkalis, 
and with ferric chloride it docs not yield the characteristic phenol 
coloration. 

Benzyl alcohol is a liquid soluble in water with difficulty. It boils 
at 206°, and possesses only a faint odour. 

2-Phenylethanol-l or phenyleihyl alcohol, CoHsrCHj'CIIaOH, can be 
obtained by the reduction of ethyl phenylacetate. Cells* CIIj-COOCijHs, 
by sodium and ethanol (91). It is a colourless liquid, and at a pressure of 
25 mm. boils at 117°. It has a faint, rose-like smell, and when mixed with 
essential oils it augments their odour and renders it jwrmanent. On that 
account this alcohol is employed in the perfume industry. Essential oil of 
roses contains 60 per cent of it. 

V. COMPOUNDS WITH THE AMINO-GROUP IN THE SIDE-CHAIN 

326. Benzylamine, C6H5*CH2*NH2, is a type of the amines with 
the amino-group in the side-chain. It can be obtained by the various 
methods employed in the preparation of aliphatic amines, such as the 
action of benzyl chloride on ammonia, dihenzylamine and tribenzyl- 
amine also being formed; the addition of hydrogen to benzonitrile, 
CoHs'CN; and the reduction of phenylnitromethane, (y«H5*CH2*N02. 
The method for its formation and its properties prove benzylamine to 
belong to the primary amines of the aliphatic series; for it does not 
3deld diazonium compounds; and its aqueous solution has a strongly 
alkaline reaction, indicating it to be a much stronger base than aniline, 
a substance with its amino-group under the direct influence of the 
phenyl-group. 

Benzylamine is a liquid of ammoniacal odour. It boils at 185°, is 
volatile with steam, and at 19° has the density 0*93. It absorbs carbon 
dioxide from the air. 



COMPOUNDS WITH AN UNSATUHATED SIDE-CHAIN. 


Hydrocarbons. 

327. Styrene or phenylcthylene, CJl5‘CII:CIl2, dorives its name from 
its presence in storax, an exudation from trees of Liqtndnmhnr orienialis. 
The hydrocarbon can l)e obtained by heating cinnamic acid (328), 

CJfs-CIIcCH-COiH, 

carbon dioxide being eliminateci. It is a liquid of agreeable odour, and 
boils at 146 °. Heating converts it into a vitreous mass termed metasty- 
rene, a polymeride of unknown molecular weight, the same transformation 
proceeding slowly at the ordinary temperature. Like other substances 
with a double bond, st.yrene has the pt^wer of forming addition-products. 
With nitric acid it yields nitrostyrenc, CfiH&'CHtCH'NOz, its nitro-group 
being in the side-chain. The constitution of this compound follows from 
its formation by the condensation of benzaldehyde with nitromethane, 
under the catalytic influence of alcoholic potassium hydroxide: 

H 

C.H5-C|0-t-H2|CH-N02=CJl5-CH:CII-N02-!-H20. 

Phcnylnretyknc, CbH 6'C=CTI, can Imj obtained by the interaction of 
acetophenone and phosphorus pcntachloride to form a derivative, 


CbHs-CCL-CH,, 

convertible into the hydrocarbon by i)otas.sium hydroxide; or from 
phenylpropiolic acid, C«H8*C=C‘COOH, by heating its cupric sfilt with 
water. In many respects it resembles acetylene, an example being the 
formation of metallic derivatives. Solution in concentrated sulphuric acid 
adds one molecule of water, forming acetophenone. 

Alcohols and Aldehydes. 

Cinnamyl alcohol, CeHs'CHtCH-CIIaOH, is the only representative 
of the umsaturated alcohols requiring mention. It is a crystalline sub- 
stance with an odour of hyacinths, and is present as an ester in storax. 
Careful oxidation converts it into cinnamic acid (328), and more vigorous 
oxidation into benzoic acid. 
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Cinnamaldehyde, CeHs'CHrCH-C", is the chief constituent of oil of 

cinnamon, being obtainable from it through its sulphite compound. It is 
an oil of agreeable odour, and boils at 246°. It is resinified by strong acids, 
and with ammonia yields hydrocinnamide, N*(C«H6C3Hs)s, analogous to 
hydrobenzainide (315)* 


Acids. 

328. Cimianiic acid, C(in5*CH;CH*COOII, is the most important 
unsaturated acid, and is present in certain balsams. Apart from 
resinous bodies, the main constituents of these substances are esters 
of cinnamic a<!id, benzoic acid, benzyl alcohol, and cinnamyl alcohol. 
Cinnamic; acid is manufa(;tur(‘d bj'^ a synthetic method discovered by 
SiK William Perkin. Benzaldehyile is heated with acetic anhydride, 
in presence of sodium acetate as a catalyst : 

( oils • C^+H2CH • CO • f ) • ( H) • CIl3= CoHs • ( 'll : ( ’II • CO • O • CO • CH3+ 

Benzaldchyde Acetic anhydride 

+H2O = C^^lU • CH : CH . C( )OIT +IIO • CO • CH3 . 

Cinnamic acid Acetic acid 

Pebkin^s synthesis can be efFct^ted with substitiited bcnzaldehydcs, 
as w'oll as with hoinologues of acetic acid or with dibasic acids, it being 
possil)le by its aid to obtain a great number of uiisaturated aromatic 
acids. 

Cinnamic acid can be got also by the action of benzal chloride (321), 
CgHb-CHCI^, on sodium acetate. It can be synthesized also by the con- 
densation of malonic acid with btmzaldehyde, a reaction induced readily 
by the catalytic influence of ammonia, one molecule of ctirbon dioxide 
being eliminated: 

(HOOC),C | H.+o| ^‘ = C.H3 • CTI : CTI • COOH+CO*+H.O. 

Malonic acid 

Cinnamic acid is a crystalline substance, melts at 134°, and dis- 
solves with difficulty in cold water. In all respects it possesses the 
character of a substance with a double bond, and therefore forms 
addition-products and reduces von Babyek’s reagent (113). 

Its constitution indicates two stereoisomcrides, 


CJI»— C~II CJIs— C— H 

II an‘I II 

COOII— C— H 


II— C— COOH 
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to be possible, but four modifications are known. They are ordinary 
cinnamic acid, allocinnawrc ctcid melting at 68“, and two isocmnamic acids 
melting at 58° and 42°. Biilmann proved the last three acids to be 
modifications of a single ^ rm, and therefore to afford an example of tri- 
morphism. On inoculation with one of the forms, the liquid obtained by 
fusion of any of them crystallizes in that form. 4Zlf>cinnamic acid and the 
fsocinnuinic acids can be prepared by partial reduction of phenylpropiolic 
acid, Cellt'C^C^COOII (327), and therefore must have the ^-configura- 
tion (I), as is evident from a model. Conseciuentb' ordinary cinnamic acid 
has the /nowj-configuration (II): 

I. II ; II. II 

n-c:-c()OH h-cm;ooh 

Cii Trans 


It can be convcirted into the cis-Umw by exposing its solution in benzene 
to the ultraviolet rays of a ‘‘uvior' lamp for ten days. 



POLYSUBSTITUTED BENZENE DERIVATIVES. 


329. A great number of polysubstitutcd deiivatives of benzene is 
known, but only a few of special theoretical or technical interest will 
be considered. For the sake of systematic treatment, the substitution- 
products will be taken in the order adopted in the preceding pages for 
the monosubstituted derivatives. The polyhalogen compounds will 
be discussed first, then the substituted nitrobenzenes, sulphonic acids, 
phenols, and so on. 

The general rule as to substituents simultaneously preseii exercising 
their normal functions holds, although the effect of a given substituent 
often is modified greatly by the presence of the other atoms or groups. 

I. POLYHALOGEN DERIVATIVES. 

ITie polyhalogen derivaiives can be prepared by the direct action of 
chlorine or bromine on the aromatic hydrocarbons in presence of a 
catalyst, the anhydrous ferric halides being specially suitable for this 
purpose. The mode of procedure is to introduce a small proportion of 
dry iron-powder into the liquid, and pass in chlorine or add bromine 
drop by drop. If a halogen atom be attached already to the nucleus, 
replacement is mainly at the pom-position, but the ortfto-compound 
and a small proportion of the wicto-compound are formed simultane- 
ously. m-Dichlorobenzene and m-dibromobenzene can be prepared by 
reduction of m-dinitrobenzene (331), and subsequent diazotization of 
the product. The pam-dihalogen compounds are solid, the isomeric 
orf^o-compounds and weta-compounds are liquid. When three halogen 
atoms enter the nucleus, the main product is the l:2:4-trihalogcn- 
benzene, 

X 



for each of the three dihalogen-benzcnes yields the same derivative. 
Prolonged chlorination of benzene substitutes its six hydrogen atoms, 
with formation of .Tulin’s cMorocarbon, CoClo, colourless needles melt- 
ing at 229**. It is very stable, soluble with difficulty in most solvents, 
and is a product of the energetic chlorination of various benzene deriv- 
atives, the substituents already present being displaced by chlorine. 
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n. HALOGEN-NITRO-COMPOUNDS. 

330. Nitration of a monohalogen-bcnzene yields only the ortho-corn- 
pound and the paro-compound, the second being formed in larger propor- 
tion. An example is furnished by the nitration of monochlorobcnzene, 
at the ordinary temperature the product consisting of about 70 per cent, 
of p-chloronitrobenzene, ana about 30 per cent, of of o-chloronitrohemene, 
Cl* C6H4* NO2. m-Chloronitrobenzene is prepared readily by chlorination 
at elevated temperature of a mixture of nitrobenzene with 20 per cent, 
of its weight of antimony pentachloride. m-Halogcn-nitrobenzenes can 
be prepared also from ?n-nitroaniline by the diazotization-method. 

Unlike the halogen in the monohalogen-bcnzenes, that in the p-halo- 
gen-nitrobenzenes and the o-halogen-nitrobenzenes is characterized by 
its pKJwer of taking part in double decompositions. When these sub- 
stances are heated with an alcoholic solution of sodium methoxide, the 
halogen atom is replaced by the methoxyl-group; with alcoholic ammonia 
the halogen atom is exchanged for the amino-group. A contrast is pre- 
sented by the m-halogen-nitrobenzenes, their halogen being almost as 
difficult to replace as that in the unsubstituted monohalogen-benzenes. 

The presence of several nitro-groups in the nucleus at the ori/io-position 
and the para-position to halogen causes a marked increase in the adapt- 
ability for double decomposition. The chlorine atom in picryl chloride, 

Cl 

N02|^N02^ 

N02 

is replaceable by a great varietj’' of substituents. This substance has 
the character of an acid chloride, being converted by hot water into 
hydrogen chloride and picric acid, Cr,H2(N02)30H, and by ammonia 

into picramide, 

in. POLYNITRO-DERIVATIVES. 

331. m-Dinitrobemene is obtained by the nitration of benzene with 
a mixture of concentrated sulphuric acid and fuming nitric acid. It 
forms colourless needles melting at 90°. As its reduction yields 
ta-phenylenediamine, it is employed in the preparation of coal-tar dye- 
stuffs. It is utilized also in the manufacture of explosives, for it can 
be exploded by mercury fulminate. In addition to the w-compound, 
a small proportion of o-dinitrabenzene and traces of p-dinitrdbemene 
are formed. Stronger nitration, effected by a mixture of nitric acid 
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and fuming sulphuric acid at. 140®, converts m-dinitrobenzene into 
symmetrical trinitrobenzenc (1 :3:5), melting at 121“. 

Symmetrical trinitrotoluene, known as “ TNT," is manufactured by 
the nitration of toluene in successive stages. It is one of the most 
powerful explosives known, (jspccially when mixed with ammonium 
nitrate, and was employed extensively in the great European war of 
1914-1918. 

The hydrogen atoms and nitro-groups in the polynitrobenzenes 
are replaced much more readily than those in mononitrobenzene. 
Examples arc th<j conversion of m-dinitrobenzene by oxidation into 
2: Ct-dinitrophenol, and of 1 :3:5-trinitrobonzene into 2:4:6-trinitro- 
phenol, or 'iricric acid: 


NOo NO2 NO2 

o ^<3 ■ 

NO2 NO2 N()2 


NO 


N02 

2<^]^on. 

NO 2 


By the action of sodium ethoxido or methoxidc, one of the nitro- 
groups in o-<linitrobcnzenc or p-dinitrobenzeno can bo replaced by 
ethoxyl or methoxyl : 

C«Il4 < JJ^^+NaOCIIs = CoIl4 ^+NaN02. 


A remarkable phenomenon is the inability of m-dinitrobonzene to 
undergo this substitution, although in 1 :3;5-trinitrobonzene, with 
each of its substituents in the Tneto-jjosition to the other two, one of the 
nitro-groups can be replaced readily by methoxyl (“ Laboratory 
Manual," XXXIII, 3 ). 

Boiling with sodium hydroxide converts o-dinitrobenzenc into 
o-nitrophenol, and heating with alcoholic ammonia gives o-nitroaniline: 


Ccll 4 <^ 

C 6 H 43 


NO2 J+Na OH /OH 

' =CfiH4< +NaN02. 

NO 2 8 \N02 


NO2 i-l-H NH2 /NH2 

' =C«H 4 < +HNO2. 

\ NO 2 8 \N02 


It has not been possible to introduce more than three nitro-groups ' 
into benzene by direct nitration, substitution even by the third nitro- 
group meeting with considerable opposition. The homologues of 
benzene are converted into their higher nitro-derivatives much more 
readily than benzene itself. 
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Trinitrobutyl-m-xylene (I) and tnnitro-m-bvlyUoluene (II), 

CH, CH, 

NO/ \,NO, NO/ ^NO, 

CH,‘^^C3(CH3),' L yC(CH.),’ 

NO* NO* 

T II. 

are employed in the perfume industry on account of their powerful, musk- 
like odour, the first lieing the technical product termed “Artificial musk.” 
This projicrty is associated partly with the presence of the trimethyl- 
mcthyl-group, and partly with the fact of this group occupying the meta- 
position with resj)ect to a methyl-group. The isorneride with these groups 
at the para-position is odourless. Natural musk derived from the male 
musk-deer owes its odour to the presence of muscone (277), a substance 
without any analogy in composition to artificial musk. It is therefore |iossi- 
ble for substances of wholly different constitution to have the same odour. 


IV. SUBSTITUTED BENZENESULPHONIC ACIDS. 

332. Digestion of monochlorobenzenc or monobromobenzene with 
concentrated sulphuric acid, or better with the fuming acid, yields 
exclusively p-cfdorobenzenesulphonic acid or p-brornobenzenesidpkonic 
acid. The properties of these substances approximate closely to those 
of the unsubstituted benzcncsulphonic acid. 


Fusion with potassium hydroxide converts each of the three bromoben- 


zenesulphonic acids into resorcinol, CoII«< 


OIIi 

OHa’ 


one of the few instances 


of substitution at a position other than that occupied by the group replaced. 
Additional examples of the same phenomenon arc mentionetl subsetjuently 
( 333 )- 


Both nitration of benzencsuli)honic acid and su’phonation of nitro- 
benzene yield chiefly m-nitrobemenesulphonic acid, with simultaneous 
production of a small percentage of the isomeric oitho-compound and 
p&ra-compound. 

Heating benzene and its homologues at a high temperature with 
fuming sulphuric acid produces disulphonic adds and Irisulphonic adds, 
but it has not been found possible to introduce more than three sulpho- 
groups. Addition of silver sulphate greatly facilitates the formation 
of hemenetrisvlphonic add. With respect to the production of disul- 
phonic acids, benzene yields chiefly hemene-m-disulphonic acid, a sulv 
stance converted partially into hemene-p-disulphonic acid by prolonged 
heating at a high temperature with sulphuric acid. Inversely, under 
the same conditions the para-copipound is transformed partially into 
henzene-mrdistdphonic add. Benzene-o-disulphonic acid is not produced 
by direct sulphonation of benzene. 
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V. SUBSTITUTED PHENOLS AND POLYHYDRIC PHENOLS. 

Halogen-phenols. 

333. The direct action of chlorine or bromine on phenol yields 
o-chlorophenol and p-chlorophcnol, or o-bromopkenol and p-bromophenol. 
These compounds are formed also by reduction of the halogen-nitro- 
benzenes, with subsequent diazotization of the products. In aqueous 
solution the halogenation is not limited to the entrance of one halogen 
atom, but yields higher products, an example being the precipitation of 
2 : 4 : 6 -tribromophenol by addition of bromine-water at the ordinary 
temperature to an aqueous solution of phenol (293). The orlho- 
compounds have a pungent and very penetrating odour. At the 
ordinary temperatme, the or/Ae-isomerides and the meto-isomerides of 
the chlorophenols and the bromophenols are liquid, the pom-isomerides 
being solid (285). Fusion with potassium hydroxide replaces their 
halogen by hydroxyl, although the corresponding hydroxy-derivative is 
not always formed (332). The acidic character of the phenols is 
strengthened considerably by the introduction of halogen, exemplified 
by the power of trichlorophcnol to decompose carbonates. 

Iodine can substitute hydrogen in phenol only in presence of an 
oxidizer, the hydrogen iodide being prevented by oxidation from elimi- 
nating the iodine atom from the iodophenol. 

Nitrophenols. 

The increased aptitude for substitution displayed by the hydrogen 
atoms of the benzene-nucleus after introduction of a hydroxyl-group is 
illustrated by the behaviour <)f the phenols towards nitric acid. To 
obtain nitrobenzene from benzene, it is- necessary to employ concen- 
trated nitric acid, but phenol is converted by dilute nitric acid at low 
temperatures into o-nitrophenol and p-nitrophenol. The two isomcrides 
can be separated by distillation with steam, only the orl/io-compound 
being volatile. m-Nilrophenol can be prepared from m-nitroaniline by 
the diazo-reaction. o-Nitrophenol has a yellow colour and a char- 
acteristic odour. m-Nitrophcnol and p-nitrophenol are colourless, but 
resemble the orlAo-compound in forming highly coloured phenoxides. 
Further particulars of the nitrophenols are given in 330 and 331. 

334. The most important nitrophenol derivative is picric add, or 
1 : 2 : 4 : Q-trinitrophenol, 

NO2 

no 2<^3 {pon. 

NO2 
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This substance has been known for a long time, and is produced by 
the action of concentrated nitric acid on many substances, such as 
silk, leather, resins, aniline, and indigo. It is prepared by dissolving 
phenol in concentrated sulphuric acid, and carefully adding small 
quantities of this solution to concentrated nitric acid of density 1*4. 
It can be obtained also «’’'roctly from benzene by heating with nitric 
acid and mercuric nitrate. Under the influence of this salt, phenol is 
formed by the action of the nitric acid on the h3'drocarbon, and is 
nitrated immediately. Picric acid is not susceptible to further nitra- 
tion, being the final product of the action of nitric acid on iihenol. 
This fact explains its produ(!tion by the action of nitric acid on such 
heterogeneous substances. 

Pure solid picric acid has only a verj' faint ^'(‘llovv colour, but its 
a<pieou8 solution is deep yellow. It is a strong acid, undergoing con- 
siderable ionization by solution in water. The yellow colour is char- 
acteristic of the anion, for the unionizo<l solution of this aend in light 
petroleum is colourless. The anion also undergoes lautomerization. 
The acid is slightly soluble in cold water, and is not vola<,ile with steam. 
It melts at 122°, and its excessively bitter taste suggested its name 
(TTtKpos, bitter). 

A consideration of the following reactions shows picric acid to be 
comparable with the carboxylic acids. Phosphorus pcntachlorido 
replaces the hydroxyl-group by clilorinc, with formation of -picnjl 
chloride (330). Silver picratc and methyl iodide j’ield methyl picratc, 
a substance with the propertios of an ester, being saponified bj"- boiling 
with concentrated caustic alkalis, and with ammonia yielding picrarnide. 
These facts affonl further cvkicnce of the remarkable increase in the 
reactivity of the hj^droxyl-gi-oup, due to the presence of the three nitro- 
groups. 

Picric acid yields well-defined (irj'stalline, explo.sive salts of a yellow 
or red colour. The potassium salt dissolves wdth difficulty in water, 
and resembles the ammonium salt in being explodeti bj' percussion, 
although the acid itself is not. Prolonged consumption of small 
quantities of potassium picratc imparts a j'^ellow colour first to the 
conjunctiva of the eyes, and later to the entire skin. 

The acid yields molecular compounds with many aromatic hydrocar- 
bons, that with naphthalene having the formula CioHs • C6H2(N02)3 • OH, 
and melting at 149°. These derivatives crj'staUize well, and have 
definite melting-points. Sometimes they arc employed with advantage 
in the separation of hydi-ocarbons, or in their identification. Picric 
acid is eliminated from them by the action of ammonia. 

The acid can be detected by an aqueous solution of [jotassium 
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cyanido, a red coloration duo to the formation of isopurpuric acid 
being developed by addition of that reagent. 

Picri(t acid is employed us an explosive not leaving any residue on 
explosion, and termed “ lyddite.” Formerly it was utilized as a dye- 
stuff, imparting a yellow colour to wool and to silk. 

Phenolsulphonic Acids. 

o-Phenohul phonic acid and p-phenol.sulphonic add arc obtained by 
dissolving phenol in concentratwl sulphuric acid. m-Phenolsulphonic 
add is produced by fusing m-benzenedisulphonic acid with potassium 
hydroxide. The ortho-acid is charactciiizcd by its easy conversion 
into the para-compound. Phemol sulphonates more readilv than ben- 
zene, its solution in sulphuric acid being transformed into the o-sul- 
phonic acid and p-sulphonic acid even at the ordinary temperature. 


Nitrosophenol. 

335. In certain respects nitrosophenol reacts in accordance with the 
constitution CoII4<q^, although its formation from quinone and 

^NOH 

hydroxylaminc points to the structure Cell4^ • It is prepared by 


the action of nitrous acid on phenol, or of potassium hydroxide on 
nitrosodimcthylaniline (299) ; 


/ Il-hlKTlNO /NO 

' =C«H4< +II 2 O; 

N)H \oh 


ON 




:,)2+H OH = IlN((^Il3)2+ON 



\ 


on. 


Like other oxinu'S, nitrosophenol, or quinon<; mono-oxime, unites 
with bases. It is a colourless compound, crystallizing in needles soon 
turned brown by exposure to air. In oxidation and reduction it behaves 
as nitrosophenol, yielding nitrophenol by the first process, and amino- 
phenol by the second. 

336. Phenol is attacked by oxidizers much more readily than ben- 
zene (293). The polyhydric phenols possess this property to an oven 
greater extent, the alkali solutions of many of them behaving as power- 
ful reducers. 



SUBSTrrUTEt) PHENOIS AISU POl*XTKm\C pbenois 4^ 


Dihydric Phenols. 

The o-compound, C 6 H 4 <Qy catechol (“ pyrocatechol ” or “ pyro- 

catechin ”), is a constituent of many resins, and can be prepared by 
fusing o-phenolsulphonic acid with potassium hydroxide. 

Catechol is crystalline and readily soluble in water, alcohol, and 
ether. It melts at 104°. Its alkaline solution is turned green by 
atmospheric oxidation, and then becomes black. Its aqueous solution 
precipitates metallic silver from silver-nitrate solution at the ordinary 
temperature, and gives a green coloration with ferric chloride. The 

monomethyl ether, CoH 4 <Qg * 2 , is termcid gnaiacol, and is present 

in the tar obtained by the dry distillation of beechwood. Heating with 
hydrogen iodide converts guaiacol into catechol and methyl iodide. 
The dimethyl ether of catechol is named verairole, and is characterized 
by its agreeable odour. 

OH 1 

Resorcinol (“resorcin”), or »n-dihydroxybenzene, 

can be obtained by fusing w-f)honylencidisulphonic acid, *, 

with potassium hydroxide, thci method for its manufacture. It yields a 
deep-violet coloration with ferric chloride, and bromine-water converts 
it into 2:4::G-lribronwresorcinol. It is a colourless crystalline sub- 
stance melting at 118°, and is readily soluble in water, alcohol, and ether. 
It (}uickly turns brown owing to the action of the air. A delicate test 
for resorcinol is mentioned in 348 . 


Slyphnic acid, Coll 


(0H),(1:3) 

(NOs),(a:4:6) 


is 


a tyiX5 of a nitrated dihydroxy- 


benzene, and is obtained by the action of cold nitric acid on resorcinol, 
as well as from certain gum-resins by the same means. The conversion of 
m-nitrophenol into styphnic acid by the agency of nitric acid involves the 
intermediate formatnm of a tetranitro-compound with one of its nitro- 
groups so reactive as to Ikj replaceable by hydroxyl through the action of 
water, styphnic acid being formed: 


OH 


on 


OH 



NOa 



NO 


o 


NO* 
OH ' 


m-Nitrophonol 


NO* 

2:3:4: 0-Tetranitrophcnol 


NO, 

Styphnic acid 


Quinol (“ hydroquinone ”), or p-dihydroxybenzenc, melts at 170°. 
Its chief characteristic is the loss by oxidation of two hydrogen atoms 
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with formation of quinone, C6H4O2 (338) a substance reconverted into 
quinol readily by reduction. The reducing efifcct of quinol is employed 
in i)hotography for the development of negatives and prints. With 
ammonia it gives a red-brow’n coloration, due to the formation of com- 
plex derivatives. Like its isomcrides, it is readily soluble in water. 

The dihydroxybenzencs can be separated by the action of lead 
acetate. With this reagent, catechol gives a white precipitate, resorcinol 
does not yield a precipitate, an<l quinol gives a precipitate only in pres- 
ence of ammonia. 

lAtmwi is a derivative of orcinol or symmetrical dihydroxytoluent'. 


/CH 

\OH 


I 

3» 


Trihydric Phenols, qjj ^ 

337. Pyrogallol (“ pyrogallic acid ”)> CcTTs^OH a, is 

\Ori :i 

heating gallic acid (345), carbon dioxide bcung eliminated: 


obtain(xl by 


f ',iri2((3i 1)3 • ( :()()H = CcH.3(oit) 3 +cx)2. 

Citilho arid PyroRallol 

Pyrogallol forms crystals molting at 132 ®, and is soluble readily in 
wat(5r. In alkaline solution it is a strong reducer, lapidly absorbing 
the oxygen of the atmosphere, with formation of a brown coloration. 
For this reason it is employed in gas-analysis to remove oxygen from 
mixtures. It also finds application as a developer in photography, and 
as an agent for dyeing furs. 

Mention has been made of the influence exerted by boric acid on the 
conductivity of hydroxy-derivatives (231). The results obtained by 
UoESRKfiN in his investigation of the effect of this acid on the polyhydric 
phenols possess a general significance. Of the tliree diliydrox3d)enzenes, 
catechol alone has its electric conductivity in aqueous solution greatly aug- 
mented by the addition of boric acid. With pyrogallol the effect is similar, 
but not with the other pol3'h3’^dric phenols. A seminormal sc^lution of boric; 
acad was found to have a conductivity of 25*7X10”®, that of a similar 
solution of catechol being 13*(5X10~®, A solution containing both sub- 
stances in seminormal concentration had the conductivity 555* 2X 10‘ ®, 
the sum of tlie conduct ivit3’' valims for boric acid and catechol separately 
being only (25*7+13-G)Xl0”®=39*3Xl0”®. 

The conductivity of a seminormal solution of resorcinol was found to 
be 5* 7X 10”®.and that of an ecjuivalcnt seflutiem of boric acid and resorcinol 
to be 25*0X10”® instead of (25*7+5*7)X 10”® = 31*4X10”®. Forcate- 
chol there is an enormous increase in conductivity, but for resorcinol a 
slight diminution. 

Both catechol and pyrogallol have two hydroxyl-groups in union with 
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two carbon atoms directly attached, but this fact does not explain the 
increase of conductivity, for glycol, 0112011 •CH3OII, lacks the character- 
istic. An explanation is furnished by assuming the hydroxyl-groups of 
these two phenols to be situated in thc^ same plane as the carbon atoms, 
so as to make possible the formation of a ring-system of the type 



with a degree of dissociation much higher than boric acid alone. 

The influence; exerte'd by boric a(;id on the conductivity of polyhydric 
alcohols in aeiueous solution obviously affords an aid in the determination 
of the configuration of these; substan(;e*s. Applie;d to glyesol, this m(;thod 
indicates the two hydroxyl-grouiis not to be in corresponeling positions, 

HO-CUi 

but as in the configuration | . The condue*tivity of boric acid is 

HoXbOH 

raised by glycerol, er>"thritol, mannitol, dulcitol, and sorbitol, indicating 
the preseiie;e in e;ach of the;se substane^es of at least two hydroxyl -groups in 
corresponding posiiie)ns. 

Bobskken discovered a very important relationship between the influ- 
c;nc(; oi boric acid on the (;e)nductivity of a-dextrose and /8-dextrose anel the 
phenomenon of mutarotation (208). This pro{)(;rty of mutarotation is 
explain(;d by assuming the partial conversion of the two forms a and jS 
into one another until equilibrium is attained. Investigation of the 
stereochemical constitutions of a-dextrose and /8-dextrose (220) indicates 
the two possible configurations to be 



I. <x-DfixtroBe 


II. ^-Dextrose 


the hexagon in each formula representing the plane of the ring of five 
carbon atoms and one oxygen atom contained in dextrose. Prior to 
Boeseken’s work there was no evidence available as to the particular 
formula representing the a-modification, or as to that corresponding with 
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the /S-form. In formula I there are two hydroxyl-groups on the same side 
of the plane of the ring, but not in formula II. A substance with the first 
formula should show a greater increase in conductivity on addition of 
boric acid than one with the second formula. As a result of the approach 
to eciuilil^riuiri between I and II, the increased conductivity of I must 
diminish slowly, the change being accompanied by a gradual rise in the 
conductivity of II. This ])henomenon is analogous to the diminution with 
lapse of time of the oT)tical rotation produc(^d by one modification and the 
corresponding rise in rotatory ]K)wer of the other isomeride. 

Experiment has proved boric acid+a-dextrose to have diminishing con- 
ductivity, and has demonstrated an increasing conductivity for boric acid 
-f-jS-dextrose. F ormula I accordingly is assigned to a-dextrose, and formula 
II to /3-dextrose. 

The results of later research confirmed this view, elimination of one 
molecule of water from a-dextrose yielding the anhydride, glucosan. The 
presence of the two hydroxyl-groui)s on the same side of the plane of the 
ring affords an excellent explanation of the? formation of this anhydride ( 220 ). 

/OH 1 

Phloroglucinolj (symmetrical trihydroxy benzene), CoH^^ OH 2 ^ 

nOH 3 

is formed by fusing various resins with potassium hydroxide. It is crys- 
talline, and gives a deep-violet coloration with ferric chloride. A re- 
markable synthesis of phloroglucinol is described in the next paragraph. 

t)n h(*ating in presence of calcium carbonate to neutralize the hydrogen 
chk)ride formed, malonyl chloride and acetone in equivalent proportions react 
to give the (jondensation-product a, convertible almost quantitatively into 
phloroglucinol (h) by further heating with water and calcium carbonate: 

/C()ici+H:CHsv /CO— CH^ 

o. CH< >CO; b. CH< >CO. 

^COCl H,C/ ■ \CO— H*C'^ 


Phloroglucinol should therefore have constitution I: 

II 


CO 

/\ 

II, C CH, 

I I 

OC CO 

\/ 

CH, 

I. 



OH 


II. 


It is cyclohexane with three of the methylene-groups, CH,, replaced by car- 
bonyl, CO, and must therefore be termed triketocyelohexane. The behaviour 
of phloroglucinol has been found to accord with this constitution, for with 
three molecules of hydroxylamine it 3 delds a trioxime. Phloroglucinol has 
also the character of a phenol, yielding with acetyl chloride a triacetate. 
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It exists, therefore in two tautomeric forms, as a hexamethylene derivative, 
I, and as trihydrox 3 'benzene, II. 

This phenomenon is a remarkable example of the alteration of the posi- 
tions of the atoms (the hydrogen of the hydroxyl-groups) in the molecule, 
resulting in the conversion of a benzene derivative into a derivative of hexa- 
methylene. 

This view explains thv. interaction of phloroglucinol, and other poly- 
hydric phenols, and a mixture of potassium hydroxide and an alkyl iodide 
to form derivatives with alkyl-groups attached to (sarbon and not to oxy- 
g(in; for the hj'^drogen in the methylene-groups of the tautomeric form 
must be replaceable by metals ( 200 ). 

The problem of assigning the onolic or ketonie formula to free 
phloroglucinol has been solved by the aid of a method of valuable 
service in many other examples of analogous nature. The process was 
discovered by Hartley, and involves the study of the absorption- 
spectra in the ultraviolet region of the spectrum. 

An electric arc between iron ehjctrodcs is arranged, the light from 
this source being very rich in bands in the ultraviolet region. After 
resolution by means of a quartz prism, the beam is i)assed through an 
aqueous or alcoholic solution of known strength of the substance under 
examination. The absorption-band or absorption-bands can be photo- 
gi-aphed. They are caused by the presence of the dissolved substance, 
because they are not produced by water or alcohol alone. By this 
method the absorption-bands for a number of solutions of increasing 
dilution, or better for a number of liquid layer’s of diminishing thickness, 
are reproduced, and the process is continued until the absorption-bands 
vanish owing to the dilution being too great, or the thickness of the layer 
being too small. 

The photographs obtained are placed so as to bring the wave- 
lengths X or the oscillation-freciuencies ^ (the abscissae) together. On 

drawing a line through the edges of the various absorption-bands, a 
curve like that depicted in Fig. 74 is prodinjed. To reduce the length 
of the figure, it is constructed by employing the logarithms of the layer- 
thicknesses as ordinates insteaui of these thicknes.ses themselves. The 
figure indicates the substance under examination to have two absorp- 
tion-bands, at ABC and DEF. The second band is much more per- 
sistent than the first, and therefore docs not vanish until the layer has 
become correspondingly thinner. 

From numerous measurements by this method. Hartley estab- 
lished a general rule as to the inability of aliphatic compounds, and 
the capacity of aromatic derivatives, to give absorption-bands, and 
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demonstrated the absorption-bands produced by aromatic tautomerides 
to exhibit sometimes marked differences in position and persistence. 
The method affords an excellent aid in the detection of obscure examples 
of isomerism indistinfpiishablc by chemical tests only. 

Application of Hartley’s method to phloroglucinol revealed it 
and its trimethyl ether to give nearly the same absorption-band. The 
ether being converted into phloroglucinol by heating with hydrochloric 
acid, its methyl-groups must be in union with oxygen. The absorption- 



I’m. 74. -Hahtlkv’s Ahhokption- Kkj. 75. — Absokption-Curves of p-Ni- 

(hJUVE. TROPIIKNOL, p-NlTROANISOLB, AND 

Sodium j»-Nitrophenoxidb. 


band also occupies almost the same position as that of pyrogallol, a 
substance devoid of tautomerism. On the analogy of q/efohexadione, 
the tautomeric form of phloroglucinol or c 7 /cfohexatrione should not 
give an absorption-band. It is therefore logical to assign the enolic 
fonnula to free phloroglucinol. 

This method also furnished valuable evidence of a difference in 
constitution between free nitrophenol and its deeply-coloured salts. 
Fig. 75 represents the absorption-curve of a neutral solution of p-nitro- 
phenol (I), that of a solution of the methyl ether p-nitroanisole (II), 
and that of a solution of sodium p-nitrophenoxide (III). Curves I 
and II almost coincide, and the difference in character of curve III is 
explained by assuming a quinonoid structure ( 373 ) for the nitrophen- 
oxide: 
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HO^ ^N02; 0=<^ ^NO-ONa. 

p-Nitropheiiol Sodium p-nitrophcnoxide 

Similar difforciiccs oLservod between tlxc esters and the salts of the 
ordinary acids containing a c-arboxyl-grouyj indicate the constitution of 
the salts to bo quite diffcrc t from that of the esters. 


Higher Phenols. 

The chief of the higher phenols is hexnhyrlroxybenzene, C8(OH)6. Its 
potassium derivative, polnssiuni mrbouyl, Cn(OK)«, is formed iti the prepa- 
itition of potassium, and acfiuires an (ixplosive cliaracter thnxugli cxiMJsure 
to air (“Inorganic ( ’liomistry,” 229). It can lu* ohiained hy Iieating jKxtas- 
sium in a current of carlxm monoxide, a <lirect synthesis of a derivative <if 
henzene. Distillation with zinc-dust cotiverts hexa hydroxyl )enzene into 
benzene. It is a while crystalline substance, and undergoes oxidation very 
readily. 

Quinones. 

338. The quinones are substances derived by the (‘liminatlon of two 
hydroxyl-liydrogen atoms from aromatic dihy droxy-derivativos : 

Col r4(OH)2 - 2TI = C0H4O2. 

Diliydroxybcnssoiic Quinotie 


The simplest quinone is henzoqxdnonc, C(iH402, a substan(!c also 
termed quinone. It is obtained by the oxidation of many para-dor\vix- 

tives of benzene, such as /s-aminophenol ('{ill4<Q^“ sulphanilic acid, 


and p-phenolsulphonic acid, CcTI j and also by 

the oxidation of aniline with chromic acid, the ordinaiy method for its 
preparation. In this reaction the aniline can Ixe assumed to undergo a 
preliminary transfonnation into phenylhydroxylamine, CoH.tNHOH, 
this substance then changing to p-aminophenol, IIO-C6H4*NH2 (303). 
Benzoquinone is formed also in the oxidation of quinol (336), though 
that substance is prepared usually by the reduction of quinone. Oxida- 
tion of quinol by ferric chloride yields quinhydrone, a compound in equi- 
molecular proportions of quinone and quinol, crystallizing in beautiful, 
intensely coloured, long needles. 


o-Dihydroxybenzene or catechol also can be converted into an unstable 
quinone by the action of silver oxide. w-Dihydroxybenzene or resorcinol 
does not yield a quinone. 

A great number of pam-quinones is known. Like benzoquinone, 
they can be prepared by oxidizing the corresponding paro-compounds. 
The quinones are yellow, and have a peculiar pungent odour. They 
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volatilize with steam with partial decomposition, and have oxidizing 
properties. The constitution of benzoquinone is expressed best by 


CO 

lie Cll 


CO 


Such a fonnula retjuires Ix'nzoquinonc to be a diketone, and to 
contain two double bonds, and in its properties it fulfils both conditions. 
Its kt'tonic character is inferred from its yielding with hydroxylamine 
first a quinonc mono-oxime ( 335 ), and then a quinone dioxime: 


C^=NOII 

/\ 

TIC CH 
II II and 
IIC^ CH 

X/ 

VQ 


C==N01I 

/\ 

HC CH 

II II . 

HC^ CH 
(-=N0TI 


The presence of double bonds is indicated by its power of forming 
addition-products, berizo(iuinone in chloroform solution being able to 
add four atoms of bromine. According to this constitution, benzo- 
quinone is not a true benzene derivative, but the diketone of a p-dihy- 
drobenzene : 

CH2 

/X 

IK.' CH 



X/ 


CH2 


This formula is supported by the oxidation of benzoquinone to 
maleic, acid, effected by an alkali-metal persulphate in presence of silver 
sulphate and sulphuric acid: 



COOH 
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VI. SUBSTITUTION-PRODUCTS OF ANILINE. 

339. Aniline is attacked very energetically by chlorine and bromine. 
The direct introduction of these halogens must be effected by theii' slow 
addition to a solution of acetoanilide in glacial acetic acid, the main 
products being the para compounds. The ortAo-halogen-anilines and 
the wcta-halogen-anilincs arc prepared by reduction of the correspond- 
ing halogen -nitrobenzcncs. The production of 2:4:6-trihronwaniliTie 
is described in 296. The basic character of aniline is weakened by the 
introduction of halogens. 


Nitroanilines. 

Nitroanilinen arc compounds containing nitro-groups and an amino- 
group, and can be obtained by the partial reduction of dinitro-com- 
pounds by means of ammonium sulf)hide. Another rnethotl for their 
production consists in the nitration of anilines, though the dire(^t action 
of nitric acid on those bases yields mainly oxidation-pj’oducts. For 
nitration, the amino-group must be “ protected ” against the action 
of this acid, either by preliminary conversion of the aniline into acieto- 
anilide, or by causing the nitric acid to react in pi’csence of a large 
proportion of sulphuric acid. With the acetyl-compound, yt-nitro- 
aniline is the chief product; with sulphuric acid, m-nitroaiiiline and 
7>-mtroanilinc are formed in almost equal ratio, and a very small pro- 
portion of o-nilroaniline. 

The nitroanilines can be prepared also from t.he corresponding 
chloronitrobenzenes and bromonitrobenzenes (330). I'herc' is a mark(‘d 
weakening of the basic chai’actei- in these substances, most pronounced 
in the ort^o-dcrivatives, and least in the wjeta-compounds. 

Addition of a large excess of water to a solution of o-nitroaniline in 
couccatrat(’d sulphuric aci<l precipitates yelhnv e-nitrtjaniliiu! owdeg to 
almost coinpleU; hydrolysis of the sjilt. With /j-nitroaiiilim' there is no 
precipitation, hut the solution develops a yellow colour, the hydnilysis 
being very much less. A similar operation with »j-nitroaniline yichls a 
colourless solution, the salt not being hydrolyzed. 

o-Nitroaniline, m-nitroaniline, and p-nitroanilino, 

are yellow crj’stallinc compounds, almost insoluble in cold water, but 
soluble readily in alcohol. Their melting-points in the order givem ar(‘ 
71®, 114®, and 147®. 

The amino-groups in o-nitroaniline and p-nitroanilin(?, but not that 
in m-nitroaniline, are exchanged for hydroxyl by heating with a solu- 
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tion of potassium hydroxide, the corresponding potassium nitrophen- 
oxide being formed. The amino-group in picramide or 2 : 4:6-/r2m/ro- 
aniline, CgH 2(N02)3'NII2, is replaced very readily by hydroxyl. 


p-Aminobenzenesulphonic Acid or Sulphanilic Acid. 


Sulphanilic acid is obtained by heating aniline sulphate or by heat- 
ing p-chlorobonzonesulphonic acid at 200° with ammonia in presence 
of copp<?r as a catalyst. lake its isomerides, it dissolves with difficulty 
in cold water. The basic i)ro[)erties of aniline arc weakened greatly 
by the introduction of the sulpho-group into the ring, for sulphanilic 
acid cannot yield salts with acids, whereas the sulpho-group reacts 
with bases to form salts. The formula of sulphanilic acid is pn)bably 


that of an inner salt, CoH.t< 


SO.-, 

Nil;, 


>. 


Its fusion with potassium 


hydroxide does not yield aminophtmol in accordance with precedent, 
but aniline. Oxidation with chromic acid converts it into benzoquin- 
one. Dilute sulphuric acid precipitates from the aqueous solution 
of a mixtxm! of sodium sulphanilate and sodium nitrite an inner salt of 
bemenediazoniumsulphonic acid, a substance nearly insoluble in water: 


('.ill»< 


Na-IOIT 
SO;,‘ |H 


I l20+C\iIT4 < 


Na 

SO3 


>. 


This compouiul is of gr(*at importance in the preparation of azo-dye- 
stulTs, such as hclianthine (341). 


Aminophenols. 


Amiiw phenols arc formed by the reduction of nitrophonols. The 
acidic chai'acter in tlu^S(^ compounds is so ‘weakened iis to render them 
unable to combine with bases, but they yield salts with acids. In the 
fr<‘e state the aminophenols arc colourless solids crystallizing in leaflets, 
and readily turncxl brown by atmospheric oxidation with formation of a 
resin. Theh hydrochlorides are more stable. 

o-Aminophenol yields compounds by the substitution of acid- 
residues in the amino-group, water being eliminated instantaneously, 
and anhydro-bases formed : 


KJoh 


Uo1h_ 


0 


•CH3 


a”o> 


C.C113. 


Aretyl-derivativc 


Ethenylaminoplienol, 

Anhydro-base 


Acids regenerate aminophcnol and acetic acid. 
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p^Aminophenol is obtained by the electro-reduction of nitrobenzene 
in acid solution ( 303 ). 

Unless sodium sulphite be present, the alkaline solution of p-aminophenol 
rapidly acquires a dark colour. The tradevname of the solution containing 
that sulphite is Rodinal/’ It finds application as a photographic developer. 

Lumikkk discovered ‘ertain general conditions determining the appli- 
cability of aromatic (jompounds to plu)tographic development. They 
must contain either some hydroxyl-groups or some amino-groups, or at 
least one of each class. 1\) obviate interference with development by the 
presence of substituents in the amino-group and in the hydroxyl-group, 
the molecule must contain not less than two such unsubstitiited groups. 

A derivative of p-aminoph('nol emj)loyed in medicine is Phenacetin'' 

or aceUjlphenetidine, the acetarnino-derivative of 

JN 11 • C V2rl3l-' 

phenetole, CAh-OC^H,. 

Heating aniline hydroarsonate, C 6 H.-i*NIT 2 ,TT 3 As 04 , eliminates a mole- 
cule of water, and forms p-aminophenylardnic acid^ NH 2 -CrJl 4 ' AsO(()H) 2 . 
The j)resence of a free amino-group is indicated by the possibility of diazo- 
tizing the compound. Iodine converts it into /^-iodoaniline, with (‘limina- 
tion of the arsinic-acid residue. TIk^ formation of p-aminoj)henylarsinic acid 
is analogous to that of sulphanilic acid by heating aniline hydrogen sulphate: 

CcIL- N H2,H2S04-Il20 = NH.- C6H4- SO 3 II. 

Aniline hydrogen Sulphanilic acid 

sulphate 

Sodium iMi7ninop}ienylarsinale or ''Atoxyl,'' and sodium p-acetylamino’- 

OH 

phenylarsinate or “Arsacetin,” Cri 3 *CX)'XII'CJl 4 *AsO<,: .. , are valu- 

ONa 

able remedies for the treatment of trypanosomiasis or sUieping sickness. 

Heating phenol with arsenic acid yields the analogous p-hydroxy- 
phenylarsinic acid, HO*C«H 4 * As()(()H) 2 , converted by careful nitra- 
tion into 3-nitro-4-hydroxyphenyla7'si nic acid, 

HO<^^^^AsO(OH)2. 

Reduction transforms tliLs pix)duct into the corresponding diaminodi- 
hydroxyarsenohenzerie, 

HO<;^^^^As=As<f~^OH. 

“NHa 

The dihydrochloride of this substance is the “ Salvarsan ” discovered 
by Ehrlich and Hata, and has been employed with good results in the 
treatment of diseases of protozoal origin. It is a crystalline powder 
readily soluble in hot water, but the solution decomposes rapidly. 
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With silver nitrate it yields a complex silver-salvarsan, characterized 
by even greater therapeutic efficacy. 

Paly an lino-corn i)ounds are obtained by the retluction of polynitro- 

<l(!rival ives. rn-P/icr/T/Zc/iedmwme, *, is formed from i)on- 

zenc bj'' nitration and subsequent roduetion. 

\\-Phcnylenediarnine t!an be i)repared by the reduction of amino- 
azolwrizene (309) with tin and hydrochloric; acid, aniline also being 
formed: 

doTIs • N : N • (^ol 1 4 • NH2 = CcHs • NH2 +H2N • C6H4 • NH2. 

2H 2IT 

Trianiinohenzenefi are prepai-ed similarly (341). 

At temperatui-cs between 180 ° and 2(M)° with cupric sulphate as a 
catalyst, p-dichlorobenzene and y^-chloroaniline arc converted by 
atjueous ammonia into the corresponding diamine. 

Most of the jMilyaminobenzenes are crystalline solids, and distil 
without decomposition. Tlu'y dissolve readily in warm water. 

The three diaminobenzenes arc; distinguished by the following 
scries of reactions. The cj-diaminc;s reacit readily with 1:2 diketones, 
yielding quinoxalines: 

N |ll 7 o’ (J— R /\ N==C— R 
II I =111 + 2 H 2 (). 

^ I ^ N=(^— R' 

w-Phenylencdiaminc in aqueous soluticjn gives an intense brown colora- 
tion with nit rous acid, c;ven whcni the ac;id solution is very dilute (341). 
?>-Phen3'lc‘nedianiine is converted by oxidation into benzoquinone. 

Like the polyhydric phenols, the polyamino-compounds are oxidized 
very readily. 'Phej^ are colourless, but many of them are turned brown 
by oxidation in the air. 

Quinone di-imidc, IIN:C6H4*NH, a compound derived from p-phenyl- 
encKliainine, ha.s the same; relationship to this amine as benzoquinone to 
quinol. Aniline-black is a complex derivative of this substance, and is 
formc'd by the oxidation of aniline. It is a condensation-product of eight 
molecules of aniline, and is considc'rcxl to have; the constitutional formula 

C,Il4 . N : CA h : N . CJI, > Nil . CJL • N H • Cell, • N : CsII, : N • QH, ■ N : C,H4 : NH, 

indicating union of the eight aniline-residues by nitrogen and not by car- 
bon. One; of the arguments in favour of this formula is the almost quanti- 
tative* conwrsion of aiiiline-black by further oxidation into benzoquinone, 
also an indication of the union of each of the eight aniline-residues with 
rarl)on at the poro-position. 
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Azo-dyestuffs. 

340 . The azo-derivatives of the polyamino-compounds are known 
as azo-dyestuffs. They arc of great technical importance, being employed 
extensively in dyeing wool, silk, and cotton. They are azol)cnzcncs 
with hydrogen atoms replaced by amino-groups. They are not the only 
dyestuffs, for derivativ' 3 of azobenzeno with hydrogen replaced by 
hydroxyl or by the sulpho-group also can be utilized for dyeing. Some 
of these compounds will be described. 

341 . Azo-dyestuffs are obtained by the action of diazonium chlo- 
rides on aromatic amines or phenols: 

Cr.Hs-NCl H Cr.Ho-N 

II + 1 ^ II +HC1; 

N C,iH4-N(CHa)2 N.C,,H4-N(CH:02 

BonzPiii*- niiiic'thyl- Dinipthylaniinoazobcnzcnc 

diazonium aiiilino 

cthlfirido 


CoHs-N-Cl H 
+ 


I 


Dihydroxy- 
benzpne 


C„H.,N 

II +HC1. 

N.C,iH.a(OH)2 

I Mhydroxyazoborizpnc* 


Basic or acidic dyestuffs are produced. In 309 , mention is made of the 
possibility of forming a diazoarnino-compound as an intermediate pro- 
duct in the combination of a diazonium chloride anti an aromatic amine, 
and of its convertibility into the aminoazo-derival.ive by warming with 
the amine hydrochloride. In this formation of aminoazo-compounds 
and hydroxyazo-compounds, the para-hydrogen atom always reacts with 
the diazonium chloride, for its replacemtmt by a substituent either 
inhibits the fonnation of dyestuff, or renders it very incomplete. 

The possible variations of this “ Coupling method ” are very numer- 
ous, for nearly every diazonium salt can combine with derivatives of 
aromatic amines and phenols having most diverse substituents. As a 
result the number of the azo-dyestuffs is at least as great as the total of 
all other dyestuffs. They dye not only wool, cotton, and silk, but also 
linen, paper, and other materials; and they are available in every 
variety of colour and degree of fastness. 

In preparing hydroxyazo-dyestuffs, the solution of the diazonium 
chloride is cook«l with ice, and is a<lded slowly to the alkaline solution of the 
phenol or its sulphonic acid. The reaction-mixture is kejjt slightly alloiline 
to prevent the hydrogen chloride liberated hindering th(j formation of the 
dyestuff. After the solutions have been mixed, the dyestuff is “salted out” 
in flocculent masses by the addition of common sjilt. It is freed from water 
by means of a fdter-press, and packed either as a powder or a paste. 

Aminoazo-dyestuffs arc jjrepared by mixing the aqueous solution of 
the diazonium chloride with that of the aromatic amine salt, the colouring- 
matter subsequently being salted out. Sometimes it is necessary to employ 
an alcoholic solution. 
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The simplest azo-dyestiiffs are yellow. The introduction of alkyl-groups 
or phenyl-groups, and normally increase of molecular weight, change their 
colour through orange and red to violet and blue. They are crystalline, and 
most of them are insoluble in water and soluble in alcohol. Instead of the 
azo-dyestuffs themselves, it is often better to employ their sulphonic acids, 
obtainable from them by the usual method witli concentrated sulphuric acid. 


The best azo-dyestuffs for technical purposes arc those produced 
from naphthalene derivatives. A short account of some of these dye- 
stuffs belonging to the group of benzene derivatives is subjoined. 

Aniline-yelhrw is a salt of aniinoazobenzene, but it is seldom used 
now, its place having been taken by other yellow dyestuffs. 


Chrysoidine or diamivoozohenzene, 


Cr,H5-N:N.Cjr3< 


NHa 

NH2 


, is ob- 


ta,ined from benzenediazonium chloride and w-phenylenediamine. It 
yields a hydrochloride crystallizing in needles of a reddish colour, and 
fairly soluble in water. This salt dyes wool and silk directly, and mor- 
danted cotton. 

Bismarck-brown or vesuvine is formed by addition of nitrous acid to 
an aqueous solution of m-phenylenediamine. It is a mixture of various 
dyestuffs, among them triaminoazohenzene, manufactured by diazotizing 
one of the amino-groups in m-phenylenediamine, and bringing the 
product into contact with a second molecule of that base : 

H2N^ HaN^ HaN^ HaN^ 

Triaminoazubensene 


Bismarck-brown consists mainly of more complex derivatives, formed 
by diazotization of both the amino-groups of m-phenylencdiamine and 
union of the products with two molecules of that base. 


Even a very dilute .solution of nitrou.s acid gives a brown coloration 
with »t-phenylonediamim‘, due to the formation of Bismarck-brown or 
related substanee.s. Tliis rejiction furnishes a very delicate test for nitrous 
acid, and is emplo 5 'ed in water-analysis. 

Jlelianthine or dimethylaminoazobenzenesulphonic acid is prepared by 
the interaction of 7 >-sulphobenzenediazonium chloride and dimethyl- 
aniline hydrochloride in aqueous solution: 

HOsS ■ C.\ill4 ■ N 2 [^ ^'1 C«H4 • N (CH3)2 = 

= HCI-f HO 3 S. C«H 4 • N: N. C«H 4 - N(CH;,) 2 . 

Heiianthine 

It is not utilized much as a dyestuff, but its yellow sodium salt, turned 
red by acids, is employed as an indicator in volumetric; analysis under 
the name methyl-orange. 
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Resorcin-yellow or dihydroxyazdbenzenestdphonic acid, 

HO 3 S . C 0 H 4 • N : N . CeHa < q^, 

is obtained from resorcinol ( 336 ) and p-sulphobcnzenediazonium 
chloride. 

The azo-dyestuffs are converted into amino-compounds by energetic 
reduction with tin and hydrochloric acid, aminoazobenzcnc yielding 
aniline and p-phenylcnediamine : 

C«H5-N=N.C6H4-NH2 -> C6H5.NH2 + C6H4<^}{^ 

This decomposition by reduction affords a mt'ans of determining the 
constitution of these dyestuffs, and indic‘ates the methods for their 
pn'paration. An exami)le is the reduction of a dj’estuff with tin and 
hj'di’ochloric acid to a mixture of c<juimol(‘cuIar amounts of diamino- 
Ix'nzene and triaminobenzene, rc'VJ'aling the constitution of the C(jm- 
pound to be 

Nila • C6II4— N : I N— CeHa < 

This decomposition also d('inonstrates the dyestuff to be obtainable by 
diazotizing a moI<;cul<‘ of diamiiiobenzc'ne, and bringing the product 
into contact with a s(‘cond molecule of diaminobenzene, in accordance 
with the foregoing equation. 

VII. SUBSTITUTED BENZOIC ACIDS; POLYBASIC ACIDS AND THEIR 

DERIVATIVES. 

Halogen-benzoic Acids. 

342 . Direct chlorination, with ferric chloride as catalj'st, converts 
benzoic acid into a complex mixture of acids. The only monochloro- 
constituent of the product is m-cMoroltcnzoic acid, it being associated 
with polychloro-acids very difficult to separate. »<-Chlorobenzoic 
acid can be obtained also from the corresponding amino-derivative by 
the diazotization-method, a reaction well adapted to the preparation 
of the halogen-benzoic acids. The interaction of phosphorus penta- 
chloride and the hydroxj'benzoic acids proceeds less smoothly. p-Chloro- 
henzoic acid and xt-bromdyenzoic acid usually are prepared bj' oxidation 
of the corresponding halogen-toluenes. 

As would be expected, the acidic character of benzoic acid is strength- 
ened by the introduction of halogen. The dissociation-constant 10'*fc 
of the halogen-benzoic acids is greater than that of benzoic acid itself. 
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For lierizoic acid lO^A- is O-B; for o-chlorobcnzoic acid 13-2, for m-chloro- 
bczizoic acid 1 ‘55; for />-(;hlorobenzoic acid 0*93. Those values prove 
the cliloriiie atom in the oz’Bio-i losition to exert, the greatest mfluence, 
and that in the /w/m-posifion tlie Ituist., while for the m-compound 
lO^A' is intei’inediate in value. 

Nitrobenzoic Acids. 

m-Nitrobenzoic acid is the principal product obtained by nitrating 
benzoic acid, about 20 p(‘r cent, of o-nitrobenzoic acid and a very small 
proportion of p->iitrof>cnznic acid being formed simultaneously. The 
ortAo-compound is olztained bt*st })y the oxidation of o-nitrotoluene, 
.■iiid is characterized by an intensely sweet, taste. 

The introduction of the nitro-group causes a large increase in the 
value of the dissociation-constant 10 ‘A’. For benzoic acid it is 0*6, 
for o-nitrobenzoic acid ()!•(), for the »<c/o-acid 3 •4.'), and for the ])ara~ 
acid 3*90. The melting-izoints of these acids in the ord(‘r named are 
148°, 141°, and 241°. 


Sulphobenzoic Acids. 

S()‘> 

x 343 . o-Benzoic sidphinide, C«II.i the imino-derivative 

of o-sulphobcnzoic acid, is known as “ saccharin.” It is about five 
hundred times as sweet as sucrose, and on this account is employed 
sometimes as a substitute for it. It has no dietetic value, being elimi- 
nated unchanged from the Jzody. Direct sulphonation of bzmzoic acid 
yields n\-(tulphof>enzoic acid almost, exclusively, a fact rendering the 
process inapplicable to the preparation of “ saccharin.” It is obtained 
from toluene, a substance converted l)y chlorosulphonic acid, 
S02(0IT)C3, into a mixture of p-toliienesulphonyl chloride and o-toluenc- 
sulphonyl chloride, the fii-st being the chief product. The ortAifz-chloride 
is converted into its sulphonamide, the methyl-group of the amide 
then becoming transformed into carlxzx^d by oxidation with potassium 
permanganate. On liberation of this acid from its potjissiuin salt by 
means of sulphuric aci<l, one molecule of water is eliminated instantly, 
forming “ saccharin ”: 


CcHs-CIIa 

Toluene 


->C6H4< 


SO2CI I 
CH3 2“" 


o-Tolueneaulplionyl chloride 


CbH4< 


S02-NH2 

CH3 


^ ^ SO 2 • NTl 2 

C6W4<cooH 

o-Sulphonamide of 
benzoic acid 


C6ll4<|g'>NH. 


"Saccharin” 
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“ Saccharin ’’ is a whif e crystalline powder melting at 220 ^, soluble 
with difficulty in cold water, and readily soluble in alcohol and ether. 
It adds one nioleeiilc' of water, yielding the sulphonamide of o-sul- 
phobcnzoic acid, a suhstaiKie lac.king a sweet taste. 


Little* is known as t( the relation between taste and ch(‘inical structure. 
The most div(*rs(^ compounds are characterized by having a sweet taste, 
for chemically there is no resemblance betw(*en “saccharin’’ and sucrose. 
On replacing the hydrog(?n atoms in tlie benzene-nucleus of “saccharin,” 
the taste usually changes from sweet to bitter. It is interesting that phthal- 
irnide is tasteless, “saccharin” is sweet, and the “thiosaccharin ” formed 
by replacing the carbonyl-group of “saccharin” by a sulpho-group is 
much less sw('(?t, being possessed of an astringent and bitter after-taste: 


c:o 

N/ 

CO 

Phihalitniclc 

(TaaO'K'ps) 


.('U. 

C;rJl4< >MI; 


“Saccliarin 

(Vory 


Monohydroxy-acids. 


/SO.. 

>XH. 

'"SO./ 


“Thiosaccharin *' 
(Sweet and bitter) 


344. The iiio-sf. import an< of th(‘ moiioh>drox\'-at‘kIs is ly-hydroxy- 

henzoic add or salicylic add, CgII 4 <“q()jj .*• It dorivos its name from 

salican, a glucosido in the bark and leaves of the willow (salix). 
Hj'^drolysis of this substance yields mliycnifi and dextrose: 


C’l.'dii s'07-f-Il20 = C'7ir.st ):>-}■ t '(iTTrjth;- 

Sahcin SaliKciiin ncxtrn.si- 


Saligenin is the alcohol corresponding with salicylic acid, being con- 
verted into it by oxidation: 


(V.H4< 


OH 

CH 2 OII 


Sail Ko 111 n 


^’«I^^<COOTI- 

Salicylic ai’id 


Salicylic acid is present as methyl eslci’ in oil of wintergroon (Gaid- 
Iheria procumhem), somoliim's a source of the acid omployc*d in phar- 
macy. A good yield of the acid is obtained b^* fusing o-creso’ with 
caustic alkali anti lead peroxide as an oxidizer: 


M)H 




/ 


coon 


\:)H 
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Salicylic acid is manufactured by a process discovered by Kolbe 
and improved by Schmidt, sodium phenoxide being heated with carbon 
dioxide in an autoclave at 130®. 

At tlio or(liiiar.v tnmporaturo and a pressure of about IJ- atmosphere, 
sodium jjhenoxide and carbon dioxide react to form sodium phenylcarhonate: 

cab - O • Na+CO^ = CrJIs- O • COONa. 


This compound is to be regardtxl as an intermediate product in the synthe- 
sis of salicylic acid. Its conversion into that substance is represented by 
the scheme 

/O-COOXa /Oil 

C6H4< -> Cell/ 

MI N^OONa 


Salicylic acid is a white crystalline i)owd('r dissolving with diffi- 
culty in cold water, and melting at 159®. Chmtle heating effects its 
sublimation, but strong heathig decomposes it into phenol and carbon 
dioxide. With bromine-water it yields a precipitate of the formula 
(’(JlaBra-OBr. It gives a violet coloration with ferric chloride, both 
in aqueous solution and in ahjoholic solution, in contrast with phenol 
dissolved in alcohol. Boiling a solution of salicylic acid with calcium 
chloride and ammonia prccijiitates the basic calcium salicylati-. 


Cfill4 


'O^ 


a, a reaction affording a means of separating salicylic 


acid from its isomcrides, for with these reagents they do not give a 
correponding basic .salt. 

Salicylic acid is a powt.-rful antis(‘[)tic, and is emploj'cd as a preserva- 
tive for foods and su(;h bevmnges as l>eer, although not completely 
innocuous. Sodium salicylate and the acetyl-derivative, “ aspirin,” 

xO-CO-CHa 

C 6 H 4 / , arc utilized in mcdiiane. 

\C00H 


Heating the acid at 220° eliminates carbon dioxide and water, 
forming phenyl saliq/late: 


C,in4 


< 


Oil 

COO/IJ] 


+c%.n 


AM 


co2+H20-j-c:oii4< 


OH 

COOCelh' 


This compound is employed as an anti.septio umler the name “ salol.” 
At 300®, its sodium derivative is converted into sodmm phenylsalicylaie: 

C6H4<gJigc6H5 
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m-Hydroxyhemoic acid and p-hydroxybenzoic acid do not j'ield a 
coloration with ferric chloride. Their basic barium salts arc insoluble. 


Dihydroxy-acids. 

X^OOII I 

Among the dihydroxy- :cids is protocatcchuic acid, CeHa^-OTI 3 . 

\OII 4 

It is obtained from many resins by fusion with potassium carbonate; 
and it is synthesized by heating catechol with ammonium carbonate, a 
method furnishing a striking example of the readiness sometimes 
characteristic of the introduction of the carboxyl-group into the ring. 
It is freely soluble in water. It reduces an ammoniacal silver solution, 
but not an alkaline copper solution. It giv(;s a characteristic n*action 
with ferric chloride, yielding a green colour changing to blue and finally 
to red on addition of a very dilute solution of sodium carbonate. 


Trihydroxy-acids. 

345. The best-known trihydroxy-acid is gallic acid, 


/COOH 1 

3 


f ’ T-T, / ^OII 

c cHo . 

on 


It is a constituent t)f gall-nuts, t(>a, and “ divi-divi,” a material employed 
in tanning. It is prepared usually by boiling tannin with dilute acids. 
It crystallizes in fine needles readily soluble in hot water. Mention is 
ituule in 337 of the effect of heat, the acid losing carbon dioxide, and 
forming inTogallol. Ciallio acid reduces the salts of gold and silver, and 
giv(‘s a bluish-black pr(>cipitate with ferric chloride. I.ike pyrogallol, in 
alkaline solution it is turned brown in the air by oxidation. 

G.allic acid is employed in the manufacture of one form of blue-black 
ink. For this purix)se its aque<»u.s solution is mi.xed with a solution of fer- 
rous sulphate containing a trace of fn*e sulphuric acid. Without the acid, 
the ferrous sulphate would oxidize quickly in the air, giving a thick black 
precipitate with the gallic acid. Tnis oxidation is retarded in a remarkable 
manner by the addition of a very small proi)ortion of sulphuric acid. On 
cont.act with pa})cr, the nluminium oxide present neutralizes the fret* acid, 
and oxidation twing prevented no longt'r, the writing dries to a deep black. 
As the mi.xf uro of the .solutions of ferrous sulphate and gallic acid has only 
a faint-l)rr>wn colour, indigo-carmine is addiHl to the mixture to make the 
fresh writing more visible. This dyestiifT iiiqairts to (he ink left by the 
pen a dark-l>\uo colour, and it changes by the process deserihed to a deep 
black. 
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Vegetable Dyestuffs and Tannins. 

346. The varioiis vcgelahle dyestuffs and tannins are very important 
natural products related to the hydroxybenzoic acids. 

A consid('i‘al)lc pj'oportion of the vegetable dyestuffs arc connected 
with salicylic acid, most of them being chai'acterized by a yellow colour. 
They arc classified in two groups, the xanthoncs and flavones, and have 
been investigated mainly by von Kostanecki. Distillation of salicylic 
acid with acetic anhj'dride yields first the phenyl ether of salicylic acid, 

C6H4<pqq 21> ^ substance further converted by elimination of water 

into xanthone, 

0 


(T) 



Euxanthone or Indian yellow is a dihydroxy -<l(yi\’ativc of xanthone, 
with a hydroxyl-group in each benzem^-iiucleus. 

Flavone is formed by the (!ondensation of methyl phimyljiropiolate 
and sodium phenoxidt;: 


/ONa 

CsHs/ -l-CHaOOC.C^.CeHs 


= CoHs 




C. Cells 


/CNa 

iV 


COOClIs 


Saponification of this intermediate product and replacement, of sodium 
by hydrogen j-ield the corresponding unsaturated acid. ’'I'he chlorides 
of this acid condenses quantitatively to flavoni! under the influimce of 
aluminium chloride; 


C6H4/ V.-C.’eHs 

!l 

C'll 

/ 

CO 


TI 

Cl 



Among the flavones are chrysin or 1 :3-dihydroxyflavone, the 
yellow dyestuff of poplar buds; luteolin or 1 :.3:3':4'-tetrahydroxy- 
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flavone, the colouring matter of dyers’ w(;ld {lieseda luteola) ; and marin 
or 1x3:2* 'A' -tetrahydroxy flavone, the dyestulT of mulberry {Monts 
tinctoria) ; and other products. 

WilIiSTatter’s remarkabhi rosear<‘hcs on t.hc colouring principles 
of flowers and fruits have idonfifiod among the constituents of these 
substances p-hydroxybenzoic acid, protocatechuic acid, and gallic acid. 
These colouring mattei.-. are glucosidos, and have the name anthocyanins. 
Their extraction from the plants is facilitated by the formation of well- 
crystallized salt s with mineral acids and also with organic acids. As 
the anthocyanins do not contain nitrogen, Willstatter regards these 
salts as oxoniurn derivatives (239). 

Heating with hydrogen chloride decomposes the anthocyanins into 
carbohydrate and the characteristic colour-components, known as 
anlhocyanidins. Investigation of anthotyanidins derived from a gi’cat 
variety of coloured flowers and fruits has led to a surprising conclusion 
as to all of th(‘ni containing the same atomic grouping combined with 
th<; three aci<ls cited previously. The oxoniurn salts formed with 
hydrogen chloride have a sli’ucture of the tyjro 

Cl 

II()/^==6 ( ’ . C V,Il4 - OH 

C-OH 

OH 


the group ^C-CoH4*OH derived from p-hydroxy benzoic acid being 
reidaceablo by ^C*CV.H3(OH)u from protocatechuic acid, or by 
^C’*C\iH2(OH)3 from gallic acid. The variegated wealth of colour 
displaj’ed by flowei-s is due partly to the union of these compounds 
with acids to form oxoniurn salts, and partly to their combination with 
bases to producer phenoxides, all these derivatives having different 
characteristic cokrurs. 

The blue colour of the corn-flower is caused by an alkali-rnctal salt 
of an anthocj’anin identical with that imparting its colour to the rose 
and geranium in the form of red oxoniurn salt. Ijichcns also contain 
characteristic colouring matters, and some of these products have been 
synthesized from hydroxy-acids. E.mil Fischer prepared from these 
acids a lengthy series of derivatives of this type, and gave them the 
collective name depsides {Sixf/eiv, tan). The number of phenolcar- 
boxylic acid-residues in the molecule is indicated by a Greek prefix, 
di-, tri-, totra-depsidos, and so on, being known. 

Syntheses of this type ai’c exemplified by the formation of the 
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didopsidc of p-hydroxybenzoic acid. In alkaline solution, acetyl 
chloride and this acid react in accordance with the equation 

CHs • COCl -1-NaO • C«H4 • COONa = CHs • CO • OC(jH4 • COONa+NaCl. 

Acetyl chloride 

The phenolic hydroxyl of the p-hydroxybenzoic acid being rendered 
inactive, the acid can be converted into its chloride by means of phos- 
phorus pentaehloride, and the product caused to react in alkaline solu- 
tion with a second molecule of the acid: 

CHa . CO . O • C JT4 • COCl -f NaO • CfiH4 • COONa - 

= CHa • CO • 0("cll4 • CO • OC«H4 • COONa -fNaCl. 

Saponification replaces the acetyl-group, CHa-CO — , by hydrogen, 
forming the didepside, 

HO • C«H4 • CO . OCcIl4 • COOH. 


Many flowers, and other jmrls of jdants such as the leaves in autumn, 
have a yellow or orange colour. This characteristic is due to the presence 
of the yellow colouring matter of carrots {Dnneus carota), known as car- 
rotene. It i.s a hydrocarbon of the formula C2(iH3g. 

347. The tannins or tannic aculs are <listributed very widely through- 
out the vegetable kingdom. They are soluble in water, have a bitter 
astringent taste, yield a dark-blue or green precipitate with ferric salts, 
convert animal hides into leather, and precipitate proteins from their 
solutions. 


Three groups of tannins are recognized. Most of these substances 
are related to the tannin obtained from oak-bark. They are connected 
also with catechin, a white crystalline substance of known structure, 
the principal constituent of qaminer, a tannin material found in Sumatra 
and related to the anthocyanidins. These tannins give a red coloration 
with acids. 

A second group of tannins comprises those converted by the action 
of warm dilute acids into ellagic cund. This substance has the consti- 
tution 



and therefore is a dcpsidc. 
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The constitution of the tannins of these two groups is imperfectly 
imderstood. The small proportion of tannins belonging to the third 
group includes an important compound, the tannin of gall-nuts. The 
constitution of this substance has been elucidated almost completely 
by analysis and synthesis. Warming with dilute sulphuric acid adds 
the elements of water, decomposing this tannin into gallic acid and 
dextrose. From these two compounds Emii. Fisher synthesized 
pentadigalloylglucose, 

C 6 H 70 o[C( 5 H 2 (OH )3 . CO . OCcTT 2 (OH )2 • CO]5 or C76H02O46, 

Doxtroao UiRalloyl-rcsiduc 

residue 

a .substance displaying very great analogy to tannin. The first step 
in the process is the conversion of gallic acid into a didejjside, galloyl- 
gaUic acid, 

/OH 

(HO).iC«Il2-CO.OC6H2A)H , 

\COOH 

the chloride of this acid reacting with dextrose to form pentadigalloyl- 
glucose. Tannin is prt)bably a mixture of substances analogous to 
pentadigalloylglucose. 

Tannin imparts its characteristic bitter taste to many beverages, an 
example iK'ing over-infused tea. The addition of milk removes this bitter 
taste, l>ecaus(! the tannin forms an in.solublc compound with the proteins 
present in the milk. 

Tannin is a white, sometimes yellowish, amorphous powder, readily 
soluble in water, only slightly soluble in alcohol, and insoluble in ether. 
It forms salts with two equivalents of tin* metals, anti precipitates many 
alkaloids, such as strychininc and quinine, from their aqueous solutions 
(407). It is probably a mixture of compounds analogous to penta- 
digalloylglucose. 

The tannins find application in medicine and in the tanning of hides. 

In making leather, the hide is saturated with the tannin, because other- 
wise it cannot be employed in the manufacture of shoes and other articles, 
for it dries soon to a hard horn-like substance, or in the moist condition 
becomes rotten. When saturated with tannin it remains pliant, and does 
not decompose. 

The skin of an animal consists of three layers, the epidermis, the cuticle, 
and the fat. The cuticle being the part made into leather, decomposition 
of the epidermis and the fat is induced by suspending the hides in running 
water, these layers being removed subsequently by means of a blunt knife. 
Alternate horizontal layers of the hides thus prepared and oak-bark or some 
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other material containing tannin are placed in large troughs or vats, and 
these containers arc fille<l with water. At the end of six or eight weeks 
the hides are taken out and placed in a secf)nd vat containing fresh bark 
of .stronger quality. This procedure is continued with successive batches 
of tan-li<iuor of increascKl concetitration, until the hides are tanned perfectly, 
the process lasting as long as two or three years, according to the thickne.ss 
of the hide. The completion of the tanning of a hide can be judged from 
the appearance of its cn)ss-.section, or by the aid of dilute acetic a<;id. 
Internal swelling due to contact with the acid indicates the conversion into 
leather to be incomplete. 

The process of tanning probably involves a mutual precipitation of 
colloids. The hide contains [>roteins in the form of gels (“Inorganic; Chem- 
istry,” 192), and the tanning material dissolves in them as a colloid dis- 
soh'es in water. Among the reasons for this assumption is the fact of the 
freezing-point of the solvent remaining unaltered. At first the tanning 
material simply is abs(»rbed by the hitle, for it can be extraetc'd by water. 
After the tanning process has continued for some time, there is a diminu- 
tion in the proportion extracted. 

Aminobenzoic Acids. 

The most important of the aminobenzoic acids is o-aminohenzoic 
acid or anlhranilic acid, first produced by the oxidation of indigo (404). 
It has the chai'acter of an amino-acid, yielding salts with both acids and 
bases. It possesses a sweet taste and slightly antiseptic properti(*s. 
It is obtained by the method of IToogewekff and va.v Dorp (259), 
by the action of phthalimide on bromin(; and j)otas.sium hj'droxide. 
The potassium .salt of pht.halamini<! acid is the initial product, aiul 
changes to anthranilic acid: 

/C(\ /CONII 2 /NII 2 

C«H4< >NII-^(;on4< -^(^Jl4< 

XXK XXIOK • XXIOTI 

Phthaliriiiclo Potassium Anthranilif arid 

plithaluminatc 

By a very inter(‘sting intramolecular rearrangement, o-nitrotoluenc 
is transformed into anthranilic acid by a boiling alkaline solution : 

/NO2 /NHa 

C6H4 < -^CcIK 

\CH3 \cooh 

Anthranilic acid melts at 145°, and by heating gently it can be sub- 
limed without decomposition. Stronger heating decomposes it to a 
considerable extent into carbon dioxide and aniline'. It dissolves in 
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water and readily in alcohol. By the method indicated it is prepared 
technically for the synl.hesis of indigo, bleaching-powder being sub- 
stituted for the potassium hydroxide and bromine. Its methyl ester 
causes the fragrance of niany flowers; and as it has a powerful, but 
agreeable, odour, it finds application in the perfume-industry. 


Phthalic Acid. 


348. Phthalic acid is the orf^o-dicarlx)xylic acid of benzene, and has 


the formula *. 


It is obtained by the oxidation of aro- 


matic hydrocarbons with two side-chains in the or/Ao-position, or of 
their derivatives with substituents in the side-chains. Chromic acid 
cannot be employed in this oxidation, for it decomposes orfAo-deriva- 
tives completely into carl)on dioxide and water. Phtlialic acid is 
enijdoyed in the iireparafion of artificial indigo (405), and is manufac- 
tured by oxidizing naphthalene (377), CioHg, with air at 400°-500°, 
vanadium pentoxide being (anployed as a catalyst. 

Phthalic acid is crystalline, and dissolves readih' in hot water, 
alcohol, and (dher. It has no definite melting-point, for heating 
(‘liminates water, and yields a sublimate of phthalic anhydride in beauti- 
ful long needles: 


|/^|(W|II 


- I1:.0 = 


Mc-o/' • 


I’htbalit' anhydride 


Phthalyl chloride is made by the interact it)n t)f phosphorus penta- 
ch’.oridc and phthalic acid. It exists in two 1 automeric forms, 

/COCl /CC 

ColI< and C,.H4< 

X:()C1 XX 

I. II. 

The fir.st form is produced by direct interaction of the chloride and the 
acid, and is transformed into the second modification by warming with 
aluminium chloride. Form II is converted very readily into I. There 
is a marked divergence in melting-point, I melting at 16°, and II at 89°. 
With ammonia and aniline I reacts much more rapidly than II, although 
in these and vaiious other reactions identical substances are produced 
from the two tautomerides. An example is the formation of cyano- 
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benzoic acid under the influence of ammonia, as indicated in the 
scheme 

yCl 

/COCI+NII3 /C^NH2 

C6H4<: ->C6H4< \0H-2IIC1->' 

\cOCl \nnni 


\coci 


/C=NII yCN 

CoH4< >0 ->C6H4< 

\co Ndooh 


while the f.so-chloride reacts thus: 


>CCl2+H2NII -» >C=NH. 

This similarity in behaviour has made it extremely difficult to solve by 
purely chemical methods the problem of the correct constitutional 
formula of each isomeride. 

The I'csults of optical research indicate the great probability of the 
product directly produced having formula I. Chlorine atoms in 
immediate union with a carlxinyl-grouj), >C0, have a higher atomic 
refraction than chlorine atoms otherwise attached to cajrbon. The 
atomic refraction of O" is also greater than that of <0. A compound 
with constitution I must therefore have a higher molecular refraction 
than one with structure II, and the value found experimentally for the 
direct product melting at 16° is higher than that of the substance 
melting at 89°. 

The oxygen of the carbonyl-group in phthalic anhydride can par- 
ticipate also in other reactions, heating that substance with phenols 
and sulphuric acid forming phthaleim: 



CCH4OH 

(;(iH40H 

Phenol 


=H20+CoH4< >0 

XXI 


/C0TT4OH 

^C^CcH 40H 


Phthulic anliydride 


Plicnolphthalein 


Phenolphlhaldn, the simplest member of the phthalein scries, is a 
yellow powder. On account of its phenolic character it dissolves in 
alk.a]inc solutions, with formation of a fine red colour, and is a sensitive 
indicator for alkalimetry (374). 

Resorcinolphlhalein or fluorescein is characterized by the display of 
an intense yellowish-green fluorescence in alkaline solution. It owes 
its name to this property, and the reaction affords a delicate test for 
phthalic anhydride, phthalic acid, and resorcinol, fluorescence being 
exhibited by mere traces of fluorescein. It is prepared by heating a 
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mixture of resorcinol and phthalic anhydride at 210®, in presence of 
zinc chloride as a dehydrator. Bromine converts fluorescein into 
tetrahromojluorescein : 


/CflHBraCOH) 


/-c<r 

CellK I ^CoHBraCOH) 

CO 



Its potassium derivative, C2oH606Br4K2, is the beautiful dye eostn. 

The constitution of the phthalcins is inferred from their converti- 
bility into derivatives of triphenylmethane (373). 


In the preparation of phcnolphthalcin the by-product fluoran, insoluble 
in alkalis, is produced. This substance has the formula 



the two phenol-residues being united at the or/Ao-positions to the phthalic- 
anhydridc-residue, and not at the pam-ix)sitions as in phenolphthalein. 
Fluoran contains the pyrone-nucleus, 


C C 

1 I- 

c c 


Many derivatives containing this nucleus fluoresce. Fluorescein is dihy- 
droxyfluoran, with the formula 

CoH,<^ 



o 
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349. Phthalimidc, C’(jIl4<C >NH, is of import aiu;o on account of its 

X’O 

application to the synthesis of primary amines with substituted alkyl- 
gi'oups. It is obtained by passing dry ammonia over heat<;d phtlialic 
anhydride. The imino-hydrogen is replaceable by metals, the potas- 
sium compound being i)recipitated by the action of potassium hydroxide 
on the alcoholic solution of the imidc. When poUiftaium phlhalimide 
reacts with an alkyl halide, the metal becomes replaced by alkyl; 
and heating the product with acids or alkalis yields a primaiy amine 
free from secondary and tertiarj' amines; 




CO 


(W< >N K+Br. C„H2„+x 


N 


X) 


Putiissiuni phthuliiiiidc 


C6II4 


CO 

>N.C..lIo„+,-^ 

CO 


( '«I14 •c„ir,..+ 1 . 


Alkyl halides with various substituents can be ('mj)lo>'{‘d in 
this reaction. From ethylene bromide, CIIaBi'X^HaBr, there is 
obtained brornoethylamine, NH2*CH2*CIl2Br; from elhylenebromo- 
hj'^drin, Cn2Br -0112011, aminocthyl alcohol or hydroxyethylamine, 
Nri2 -0112 *0142011; etc. Oolamine is considered in 160. 

Another example is Emil Fischkr’s syntlu'sis of ornithirte (243). 
Potassium phlhalimide is" brought into contact with t,rimethylene bi'o- 
mide; 


.CO, 


O6H4 < CO > ^ [K-}-Br| . Oil2 • Cl I2 • 01 l2Br 


.00 


C ’6H4 < CO > N • CTI2 • Cl I2 • Cl l2Br. 


The compound obtained reacts with diethyl monosodiomalonate 

to yield C6H4 <^h[j>N • 0Il2*CH2*CH2*0H(00002ll5)2, its tc^rtiary 

hydrogen atom then being replaced by bromine. Saponification, and 
elimination of carbon dioxide, give 


.CO 


C:,iH 4 < CO > N • CH2 • OH2 • OII2 • CIIBr * C(X)H . 


Heating with aqueous ammonia replaces the bromine atom by the 
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amino-group. Subsequent heating with concentrated hydrochloric 
acid yields ornithine: 

C0H4 < > N . CH2 • CH2 • CH2 • CH (NH2) • COOH = 

+^HH 

= C6H4 < ' C^H(NH2) • COOH. 

Oriiithiiio 

These examples demonstrate the applicability of this method to 
the preparation of primary amines with a great variety of substituents. 

Metaphthalic and Terephthalic Acids^ C(iH4(COOH)2(l:3) and (1:4). 

350. Metaphthalic acid can be obtaiiu'd by the oxidation of compounds 
with two side-cliains in tlie mcia-position, and also by the oxidation of resin 
(colophoniurn) with nitric acid. It dissolves with difficulty in water, and 
does not yield an anhydride. 

Terephthalic acid can be prepared by sev(jral methods, an example 
being the oxidation of turpentine. It is almost insoluble in water, alcohol, 
and ether. It does not melt at the ordinary pressure, but at high temper- 
atures it sublimes without decomposition. Like metaphthalic acid, it does 
not form an anhydride. 


Higher Polybasic Acids. 

Tricarboxylic, tetracarboxylic, i)entaearboxylic, and hexacarboxylic 
acids ar<‘ known. The most remarkable is the hexacarboxylic viellitic acid^ 
a constituent of the mineral honeij-^tone^ found ift browm-coal seams. Honey- 
ston(' is the aluminium salt of mellitic acid, and has the formula 


Cl 20 l 2 Al 2 , 18 Il 20 . 

It forms yellow (piadratic octahedra. Mellitic acid is produced by the 
oxidation of wood-charcoal with an alkaline solution of i)otassium per- 
manganate. It crystallizes in fine needles, and dissolves freely in water 
and alcohol. Heating expels from it two molecules of carbon dioxide and 
two molecules of water, with formation of pyromellitic anhydride^ 



This substance adds water, yielding pyromellitic acid, C6H2(COOir)4. 


VIII. SUBSTITUTED ALDEHYDES. 

351. m-Nitrobenzaldehyde is the main compound formed in the 
nitration of benzaldchyde, 20 per cent, of o-nitrohemaldehyde being a 
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by-product in the reaction. The l>est mode of preparing the or<Ao-com- 
pound is to oxidize o-nitrotoluone with manganese dioxide and sulphuric 
acid. In sunlight it is transformed rapidly into o-nitrosobemoic acid: 


Coll. 




NOa 


'\CH0 


/NO 

CoH^ 

\COOH 


Hydroxyaldehydes. 

Hydroxy aldehydes can be obtained artificially by a synthetic method 
generally applif;able to the preparation of aromatic hydroxyaldehydes. 
It consists in bringing the phenols in ethereal solution into contact 
with anhydrous hydrogen cyanide and hydrogen chloride, it being 
an advantage sometimes to add a small proportion of zinc chloride 
as a condensing agent. This mode of synthesis was dis.''overed by 
Gattekmann, and bears his name. The hydrochloride of an imidc is 
formed as an intermediate product, and sometimes can be isolated: 


CoIIsOH d-HCN-l-HCl = C6II4 < 


OH 

CH:NH,HC 1 * 


Warm water converts the imide-salt into the hydroxyaldehyde and 
ammonium chloride: 


C6H4< 


OH 

CH:NII,HC 1 


+H20 = C,iH4< 


gf}o+Nn4Ci. 


In this example p-hydroxyheiualdehyde is obtained from phenol. 




OH 


Saliqjlaldehyde, C6H4< /H , occurs in the volatile oil of spiroea. 

^’<o” 


It can be prepared artificially by Tiemann and Reimer’s synthesis, 
another reaction applicable generally to the production of aromatic 
hydroxyaldehydes, and dependent on the action of chloroform and 
potassium hydroxide on phenols: 



CHCI2 



Salicylaldehydo 


The o-hydroxyaldehydes colour the skin deep yellow. 
To this class of substances belongs vanillin, 
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tho methyl ether of protocatechualdehyde. It is the aromatic prin- 
ciple of vanilla, and is manufactured by oxidizing isoeugend, 


/OH 

CoHs^CHs 

\CH:CH-CH3 


with ozone. tsoEugenol is obtained by boiling eugendt 

/OH 

\CH2-CH:CH2 


with alcoholic potassium hydroxide, <ho position of the double bond in 
the side-chain undergoing transposition. Eugenol is the chief con- 
stituent of oil of cloves. 

Vanillin has been synthesized by Rbimer’s method, the action of 
chloroform and sodium hydroxide on guaiacol (336) : 


(^0CH3 

OH 


V 


CHCI 2 

OH 



Intermediate products 


Vanillin 


Piperonal is mentioned in 353. 


IX. POLYSUBSTITUTED BENZENE DERIVATIVES WITH SUBSTITUENTS 

IN THE SIDE-CHAIN. 

OH 

35 ^* p— ffydroxj/pi^CTi-i/Zpropfowfc ac^d, OH 2 COOH^ 

some importance owing to its relationship with tyrosine, a substance 
melting at 235 ®, and named from its presence in old cheese (rvpos). 
It is produced by boiling proteins such as white of egg, horn, and hair 
with hydrochloric acid or sulphuric acid. Its empirical formula is 

C9H11O3N, and its structural formula is HO'C,iH4*CH2*C^COOH, 

NNHo 

it being the 1 -amino-acid of p-hydroxy phenyl propionic acid. Being 
an amino-acid, it yields salts with acids as well as with bases. 

The oxidation of tyrosine under the influence of the enzyme tyrosinase 
yields very stable red, brown, or black colouring matters, the nielanina. 
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The c olour of the hair of the higher animals and of man, and the dark colour 
of negroes, originate in an enzj'matic oxidation of 3: 4- dihydroxy phenyl- 
alanine, 

rHo-rn(xn-)-C()OH 



OH 


This suhst<anee ean he isolated from tin' i)ods of the horse-bean {Vicia 
faha). 

Thyroxiiie is the active principle of the thyroid gland, an organ suls- 
ject to the disease termed goitre. It is an iodo-derivative of tyrosine* 
with the formula 


I I 



'jrL>-CH< 


NII2 

COOH- 


The synthesis of thyroxine has been effected by Hauington. 


o-Uy dr oxy cinnamic acid, 




OH 


exists in two ' 


forms easily converted into each other, coumaric acid and coutnarinic acid. 
The second acid is not known in the free state, but only in the form of 
salts, for its liberation is attended by simultaneous loss of a molecule of 
water and production of the anhydride conmnrin, the aromatic principle 
of woodruff (Asperula odorata). C'oumaric acid differs in not yielding a 
correspejnding anhydride, removal of water giving cournarin, a substance 
convertible into salts of coumarinic acid by the action of alkalis. 

C’oumarin can be obtained from salicylaldehyde by a method 
analogous to Sir William Perkjn’s synthesis (328). Acetylcoumaric 
acid, 


( «H.»< 


O |C’ 2 H.jO 
CH:CH*(XF10H, 


is the initial product, and by heating is converted into cournarin, 
acetic acid being eliminated. 

353. The unsaturated piperic acid, or ^'.A-methylenedihydroxycin- 
namenylacrylic acid, C 12 H 10 O 4 , is a decomposition-product of piperine 
(390). Oxidation converts piperic acid into piperonal or heliotropin, 


/0/\CH:CH.CH:CH-C00H /0/\C^ 

Piperic acid Piperonal 
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The constitution of this substance is established by its synthesis by the 
action of methylene iodide and alkali on protocatechualdchyde, 


no 

HO 


> 


CoHa-C 




Piperonal melts at 37°, boils at and has an odour exactly 

resembling that of heli»)( ropes. In pr(«enee of sodium hydroxide 
pil)eronal condenses with ae(*lald(*ln’de to pi])eronylacrahlchyfh: 

( :TT:i < [ J >( 'oH:. • c:{5+c'H3 . = 


By Perkin’s synthetic method (328), piperonylacraldehyde is con- 
verted by the action of sodium acetate and acetic anhydride into 
])ip<M’ic acid; 

C TI 2 < J ) X olTa • ( TI : ni . -f ( TI 3 . C( )OII = 

= CHa < JJ X oTIa • ( 'H :C’II • CH : CTl • (X)OII +H 2 O. 

Adrenaline or suprarenme, C’.)IIi.sON, is prepared from the supra- 
renal capsules of the horse and other animals. It is charaiderized by 
its powerful ha'inostatic properties. Its oxidation yields protocatc- 
chuic acid, and distillation with sodium hydroxide* gives methylamine. 
With benzoyl chloride it forms a tribenzoyl-derivative. 

It is prepared by a synthetic method. C^hloroacetyl chloride 
reacts with cat.t‘chol (I) to form ehloroaceiylcatechol (II). With methyl- 
amine this substance yields an aminoketone till), reducilde to adrena- 
line (IV): 

BOy\ HO/XrO-CHaCl HO/\r().(TI..NH.rTl 3 
I ]-> I II I I III I ' 

BO\/ HO\/ 

HO/\C^HOH • CH 2 • NH • CHa 

IV I 

iioV 


Aiironaline 
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Many organic bases of phenolic character have valuable pharmacologi- 
cal properties. Other types of this class are hordetiine, 

HO- C jr4-CIV CHr 

a substance present in germinating barley; and Ujramim, the active prin- 
ciple of ergot. The structure of tyramine is established by its formation 
from tyrosine by tiu* action of heat, carbon dioxide being eliminated: 

no- C'„H4- Cri .-CHfXHj) -COOII-CO, HO- CJU’CHu-CH,- NH*. 

p-Iiydroxyphenylcthylamine 
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354. Orientation is determination of the relative positions 
occupied by the side-chains or substituents in the benzene-ring. A 
description of a number of the more important substitution-derivatives 
of benzene having been given in the foregoing pages, it becomes neces- 
sary to furnish an insight into the methods of orientation. These 
methods are based on two main principles. 

1 . Relative determination of position . — The compound with sub- 
stituents in unknown positions is converted into another with known 
positions, the first compound being inferred to have its substituents 
arranged similarly to the second. To ascertain the constitution of a 
substance such as one of the three xylenes involves oxidation of the 
hydrocarbon. The particular phthalic acid formed indicates the posi- 
tions of the methyl-groups in the xylene under examination, provided 
the positions of the carboxyl-groups in the three phthalic acids be known. 

To apply this method, it is necessary to know the positions of the 
substituents in a small number of compounds, and further the sub- 
stituents are assumed to retain their positions during the course of the 
reactions involved. Normally, such continuity holds, although the 
position of the side-chain docs alter in a few reactions (332 and 333). 
To avoid erroneous conclusions from doubtful evidence, sometimes it is 
desirable to check the determination of position by converting the sub- 
stance into another compound. 

2 . Absolute determination of position . — The positions of the sub- 
stituents are determined without the aid of other compounds having 
substituents in known positions. A general method is afforded by 
Korner’s principle, a rule rendering it possible to ascertain whether 
substances C6H4X2, containing two substituents, are oriAo-compounds, 
meta-compounds, or para-compounds. The mode of procedure is to 
determine the number of trisubstitution-products corresponding with 
the substance under investigation. 

Introduction of a third group, Y, into an ortao-compound, C6H4X2, 
can form two isomeridcs only. 
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in espectivo of icloiitity or (iiflforcncc of X and Y. The introduction of a 
Ihird group into a ?/jr/rt-(!onipound renders possible the formation of 
three isonieridcs, 





Y'\/'X 


With a para-coiniK>und the introduction of a third group yields only one 
trisubstitution-product , 

X 


/\Y 



X 


In addition to this general procedtm*, some of the otlier special 
methods are described in the sequel. Thej- substantiate fully the con- 
clusions based on Korner’s principh*. 

1. Absolute Determination of Position for o/’^/K>-Compounds. 

355. In the o?7/io-scries, the structure of a dibromobenzene melting 
at 5-0° hsis b(!cn determined by means of Kornek’s principle, for it 
yields two isomeric nitrodibroinolMUizenos. 'I'he constitution of a 
xylene boiling at 142° and melting at —28° also lias been est ablished by 
this method, if reacting with nitric acid to give two isomeric nitro- 
x^denes. This xylene is converted into phthalic acid by oxidation, 
proving that acid to be an or//io-compound. 

The oxidation of naiilithahmo (377), CjoIIs. to phthalic aiud also 
demonstrates the carboxyl-groups of that acid to be in the ortho- 
position. This r<!action indicates the structure of naphthalene to be 
C6iri<C.iIl4, the group ('4lli being attached to two positions of the 
benzeni^ring. With nitric acid naphthah'iie forms nitronaphthalene, 
a substance convert(*d by oxidation into nitrophthalic acid. The group 
C4II4 therefore has become transformed into two carboxyl-groups: 

NO2 -evils <( 4H4 -> N()2 •( «Il3 

Nitronaphthuipne Nitrophthalio acid 

Reduction of the nitro-group, followed by oxidation of the aminonaph- 
thalene, gives phthalic acid, indicating the group C4II4 to form a second 
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benzene-ring with the two carbon atoms of the benzene-ring, and 
naphthalene to have the formula 



The oxidation of niti onaphthalcno and tlmt of aniinoaphthalene 
are represented by the schemes 


and 



/'\CX)OH 

COOH ' 
NO 2 



HOOC^ 

HOOC\/^ ‘ 


Phthalic acid must, therefore, be an «r/Af>-eomi)ound, b(‘cause if it 
had (he m4«-slructure, for example, naphthaleiu* would have the 
formula 



and such an assumption would involve a contradiction, as under these 
conditions a benzene derivative eould not. b(^ produced by the oxidation 
of both nitronaphthah'ne and aminonaphthalene. 


2. Absolute Determination of Position for //n4«-Compounds. 

356 . The proof of mesitylene being symmetrical trimeAliylbenzene 
(1:3:5) was enunciated by Ladenuukg. If this comimuiid have the 
constitution 

H 


CHs 

the three hydrogen atoms directly united with the benzene-ring must 
be of equal value. Proof of this equality would establish the structure 
of mesitylene. 


CIIa^CHg 

h’v/’h 
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Ladisnsurg demonstrated the existence of equality as follows. Nitra- 
tion of inesitylene yield.s a dinitrt)-compound, and if the hydrocarbon be 
represented by 

I. C.(CII,),UHII, 
this derivative can he as.sumed arbitrarily to be 

ir. c,(cn,),No*NOsH. 

One of (he nitro-groups of the dinitro-compound is reduced, and the 
aniinf)-conq>oiind is converted into an a(;et 3 ’l-derivative assumed to be 

III. C«(CIT3)3N02(NncilL0)H. 

This substance can be nitrated again, and the product must be 

C«(CH,)3NO*(NHctHaO)NO,. 

It is possible to eliminate the acetylamino-group, NH(C 2 HsO), from 
this derivative by saponification, subsequent diazotization, etc., a dinitro- 
mesitj’lene with the formula 

C 6 (CH,),N 03 nN 02 

being obtainetl. It is identical with the original dinitro-product with its 
nitro-groups at a and 6. Consequently, = H'’. 

Nitromesidine, alb, has an acetyl-compound represented by formula 
III, and furnishes a further proof of the etjuality 11“ and H®. Elimination 
of the amino-group by the diazo-reaction gives a product of formula IV: 

IV. C,(CH3)3N03HII. 

This substance is reduced, and is converted into the acetyl-compound 
acetylmesidine, 

C.(CH,)3NH(c“h,0)HII. 

It also can be nitrated, yielding 

C.(CH,),NH(c‘’,H,0)N03H. 

It is immaterial whether the nitro-group of this compound is at 6 or c, 
the equality of these positions relative to a havmg been proved already. 
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Elimination of the acetylamino-group from the last substance gives 
a mononitromesitylene identical with compound IV. Hence, a=b—c, 
and the proof of the ecjuality of the three hydrogen atoms is complete. 

From the known constitution of mcsitylene it is possible to infer 
the structure of many other compounds. The method is exemplified 
by its partial oxidation to lesitylenic add, 

/COOH 

CoIIaA^II:, , 

\CH3 


a substance convertible into xylene by distillation with lime, indi- 
cating this xylene to be the wjcta -compound. Oxidation converts 
m-xylon(‘ into metaphthalic acid, demonstrating the carboxyl-groups in 
that acid to occupy the m«/a-position. Thest; deteniiinations of posi- 
tion liave been substantiated fully by the application of Kokner’s 
principle, Nolting having prepared three isomeric nitroxylenes with 
their methyl-groups situated similarly to those in the xylene obtained 
from mesityleni(! acid. 

Among other /ncto-compounds with the position of their groups 
established independently is a dibiomobenzenc boiling at 220°. 
Korner demonstrated the existence of three isomeric tribromoben- 
zenes and three nitrodibromobcnzcncs corresponding with this sul)- 
stance. In conclusion, the phenylenediamine melting at 62° can be 
obtained from three different diaminobenzoic acids by elimination of 
carbon dioxide, indicating it also to be a 7/teta-com pound. 

3. Absolute Determination of Position for pam-Compounds. 

357. Korner’s principle has been of great service in determining 
the constitution of some members of the para-series. An example is 
the possibility of obtaining only one nitroxylene from the xylene boiling 
at 138°, and melting at 13°. The phenylenediamine melting at 140° 
can be obtained by elimination of carbon dioxide from one diamino- 
benzoic acid onlj”; and other instances could be cited. 

These determinations of position have been confirmed by another 
method, exemplified by the identification as a paro-compound of a 
hydroxybenzoic acid melting at 210°. The starting-point of the proof 
is bromobenzoic acid, obtained directly by the bromination of benzoic 
acid. Nitration gives two isomeric nitrobromobenzoic acids, each yield- 
ing by reduction the same aminobenzoic acid, anthranilic acid. This 
acid can be converted into salicylic acid by the diazo-rcaction. Conse- 
quently, in each isomcride the nitro-group must be situated s^m- 
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irie(ri<!ully to the carboxyl-group; at 2 or 6, or at 3 or 5, assuming the 
carboxyl-group to be at 1. Similar reasoning establishes the position 
of fhe hydroxyl-gi’oiip in salicylic acid. The bromine atom cannot be 
af 4, because' two isomeric iiitrtHConipounds yielding the same amino- 
benzoic acid b\' re'duction could not be obtained from 



COOH. 


The bromine atom therefore must occupy the mc4a-position or the 
o/7/H>-position to the carboxyl-group. A hydroxy ben zoic acid melting 
at 200°, and corres])onding with this biomo-acid must be therefore 
ineta or ortho. As tlu' isome'rie’ .salicylic acid also must be a mela- 
compound or an or<Ao-compound, there remains only the para-struc- 
ture for the third hydroxybenzoic acid melting at 210°. 


Determination of Position for the Trisubstituted and Higher-substi- 
tuted Derivatives. 

3S8. TTsually, the orientation of trisubstituted and higher-sub- 
stitut(;d dcrivativ(;s can be effected by ascertaining the relationship of 
the compounds to di-derivatives of known constitution. An example 
is furnished by a c<'rtain chloronitroaniline, C«H 3 Cl(N 02 )(Nri 2 ), 
obtained by nitrating m-(!hloroanilinp, 


NII 2 



The formation of /^-chloronitrobenzene, 


NO 2 



Cl 


by exchange of the amino-group for hydrogen indicates it to- have the 
constitutional formula 


NH2 

/X 

Uc 
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A more complex example of orientation is aflfordod by the determina- 
tion of the positions of tlie groups in picric acid. Gentle nitration converts 
phenol into two mononitrophenols, 


OH OH 



NO2 

M.P. 45° 114° 


One of these mononi<ro])]ienols must be tin* e/7//e-com pound and the 
other must be the y>rmi-conipound, because the third nitropheiiol can be 
obtained from ///-dinit ro]>enzeno hy reduction to ///-nitroaniliiie, and sub- 
sequent exchange of the amino-group for hydroxyl by diazc)tizing. The con- 
stitution of 7 /?-dinitrobenzene follows from its reduction to ///-phenylene- 
diarnine ( 339 ). 

Further nitration of both nitrophenols yields the same dinitrophenol, 
indicating its formula to be 


on 

NOs 

X02 

The mononitrophenol molting at 1 14° is converted by oxidation into 
benzociuinone ( 338 ), and therefore must be lhc‘ pam-compound. For the 
substance melting at 45° there ri'inains only the er///o-structure. Nitra- 
tion of this e-nitrophenol yields, in addition to 1 :2:4-tlinitrophenol (OH 
at 1 ), another dinitrophenol with its groups at 1 : 2 : 6 . Tliis derivative has 
the formula 



OH 


NO2 



for heating its methyl ether with alcoholic ammonia roi>laces tlu‘ mothoxjd- 
group by the arnino-group, yielding a substance with the formula 
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By substitution of hydrogen for the ainino-group, this product is converted 
into the onhnary ?»-dinitrobenzene. There are therefore two dinitrophenols 
of known structure, 


OH 



NOj 


Further nitration converts both ii 
constitution 


OH 



picric acid, and it must have the 


OH 


N0,|^^N02 


NO* 


From the structural formula of picric jicid may be inferred the position 
of the groups in ordinary trinitrobenzenc, this compound being oxidized 
readily to picric acid (334). Accordingly, this trinitrobenzenc must have 
the symmetrical structure. 

Equivalence of the Six Hydrogen Atoms in Benzene. 

359. Benzene is stated in 286 not to yield isomeric rnonosubstitution- 
products, and the six h3’^drogen atoms of tliis h^^lrocarbon are inferred to 
be of ecjual value. 

There are several direct methods of proving this equivalenc.e, one of 
them, devised by Nolting, being characterized by its simplicity. Denoting 
the six h^'drogen atoms by &, c, d, e, and /, the amino-group in aniline 
may be assumed arbitrarily to be at a. Bromobenz(me is obtained from ani- 
line by the diazo-reaction (307, 4 ), and reacts with methyl iodide and 
sodium to jdeld toluene. Nitration of toluene gives three isomeric nitro- 
toluenes, the proi)ortion of the mc/a-cornpound being very small. In these 
compounds the methyl-group is at a, and the nitro-groups may be assumed 
arbitrarily to be at 6, c, and d. Reduction yields the three corresi^onding 
toluidines: 

CoHfi-CILCa) ->CH3-CeH4-N02(6:c:d) ->COOII-CflH4-NH2(6:c:d). 

After protection of the amino-group in each of these compounds by acetyla- 
tion, the three aminobcnzoic acids are obtained by oxidation. By elimina- 
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tion of carbon dioxide, these acids give a derivative identical with the origi- 
nal aniline, indicating a=b=c=d: 


CoIIoNH* 

a 


CcH JBr 
a 


CeHs-CHa 

a 


I f ' TT ^ CHs Q, 

/-I TT a 

-rL-,tl 4 <^TQ^ c 
1^ « -Crfa a 


-»CoH4< 

->C«H4< 

-»C«H4< 


COaH a 
NH, b 

COsH a 
NHs c 

CXlsII a 
NH« d 



2 


a = b = c = d. 


Tho starting-point of the proof of the equivalence of e and / to a, 6 , 
c, and d is o-toluidine, its methyl-group being assumed to bo at a, and the 
amino-group at h. Nitration of its acetyl-derivative and elimination of 
the acetyl-group produce simultaneously four nitro-o-toluidines. Positions 
a and h being o(UiUf)icd, the nitro-groups must be at c, d, f?, and /. Replace- 
ment of tho amino-group by hydrogen yields four nitrotoluenes, a:e, a:d, 
me, and a;/. The first two are m-nitrotoluene and /Miitrotoluene; they 
are obtained also by direct nitration of toluene, as described in the previous 
paragraph. The nitrotoluene a:e is identical with a:r, and a:/ with 
a: A, indicating tho eciuivalonce of c to e aiul of h to /, and completing the 
proof: 


C6H4< 



CII 3 a 

N()2 c=c 


CH 3 a 

NO 2/-6 
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Influence of the Substituents on Each Other. 

360. The introduction of a second substituent into a monosub- 
stituted benzene derivative, C’oHsX, forms the throe theoretically 
possible di-derivatives in very unetjual proportion. There are two 
main types of substitution, cither the poro-derivativc and the orDw- 
derivative predominating, or the wjcfa-derivativc constituting the chief 
product. The table summarizes the most important types of substi- 
tution, the numbers in brackets indicating the by-products, and being 
arranged in order of tliminishing proportion. 


Klomont or (?roiip aln^iuly 
Present (in I^i.sition 1). 

Position Kntered liy Siilistitiients. 


Cl 

Hr 

I 

SOall 

NO 2 

Cl 

4 (2) (3) 

4(2) (3) 

4 

4 

4(2) 

Hr 

■K2H3) 

4(2) (3) 

— 

4 

4(2) 

1 

4 

4 

4 

4 

4(2) 

on 

1(2) 

4(2) 

4(2) 

4(2) 

4(2) 

SOsH 

- 

3 

- 

3(4) 

3(2) (4) 

NOo 

3 

3 

— 

3(2)(4) 

3(2)(4) 

xn, 

4(2) 

4 

4 

4(2) 

4(2) 

CH, 

4(2) 

4(2) 

4(2) 

4 (2) (3) 

2(4)(3) 

coon 

3 

3 

3 

3(4) 

3(2) (4) 

3 

CN ... 

— 

— 

— 


NO 

4 

4 

— 

— 

4 

sen, 


4(2) 

— 

4(2) 

— 


The table indicates a second substituent to be directed into the 
para-position and the ort^o-position by the presence of halogens and the 
groups hydroxyl, amino, and methyl; but into the me/a-position by the 
groups sulpho, nitro, carboxyl, and cyano. In each type the influence 
is exerted independently (jf the nature of the substituent introduced. 
This rule is of general apf)Iication, and is .known as the rule of the con- 
stancy of substitution-type. 

The relative proportions of the isomerides formed vary greatly 
even for the same type of substitution, and depend on three factors: 
(1) the substituent already prestmt; (2) the substituent introduced; 
(3) the experimental conditions. I'hese three factors are powerless to 
modify the substitution-type, for it is almost invariable; but they cause 
important changes in the pn)portions of the isomerides formed in each 
type. A few examples illustrating this influence are subjoined. 

1. Nitration at 0° of fluorobenzene yields 12-4 per cent, of the 
orf^o-nitro-product, and 87-6 per cent, of the para-nitro-product. 
Nitration at the same temperature of chlorobenzene produces 30*1 
per cent, of o-chloronitrobenzene, and 69*9 per cent, of p-chloronitro- 
benzene. 
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2. The chlorination at 90® of phenol gives 50*2 per cent, of 
p-chlorophenol, and 49*8 per cent, of o-chlorophenol. Broniination 
under the same conditions yields 90*7 per cent, of p-broinophenol, and 
9'3 per cent, of o-bromophcnol. These percentages indicate the gn'at 
influence exerted by the substituent introduced on the proportion of 
the isornerides formed, even with substituents .so similar as chlorine 
and bromine. 

3. Temperature is one of the iniportant factors in the experimental 
conditions^, In nitration-processes it exerts little influ(‘nce on the 
proportion of the isornerides. At —30°, niti'ation of benzoic acid gives 
14*4 per cent, of o-nitrobenzoie acid, 8.5-0 per cent, of /»-nitrobenzoic 
acid, and 0-G per cent, of p-nitrobenzoic acid; at 30°, the corresponding 
percentages are 22-3, 76-5, and 1-2. The temperature can exeit a 
very important influence on the course of suli)honation-processcs. 
Sulphonation of toluene at 0° with exce>ss of sulphuric acid gives 53-5 
per cent, of p-toluenesulphonic acid, 3-8 j)er cent, of w-toluenesul- 
phonic acid, and 42-7 per cent, of «-toluenesulphonic acid; for sul- 
phonation at 100° the corresi)onding percentages are 72 -.5, 10-1, and 
17-4. 

In halogenation-processc's the nature of the catalyst influences the 
proi)orlion of the i.somcj-i(l(*s fornu'd. The chlorination of chloro- 
Ixiiizene with 0-.5 per cent, of aluminium chloride as catalyst yields 
65-7 per cent, of 7>-di chlorobenzene, 29-0 i^er cent, of e-dichlorolxm- 
zene, and 4-7 per cent, of /«-di chlorobenzene; with an (-quivalent 
proportion of ferric chlorid(‘ as catalyst the corresponding i>ci-cenlag<'s 
are 55-5, 39-2, and 5-3. 

361. The introduction of a third .substituent C into a benzene derivative 
C’6ll4AH raises an interesting problem. Assuming the isornerides formed 
l)y the introduction of C into C’«H»A and into and the proportion 

of each, the problem concerns tlie jxissibility of predicting the isonierides 
OcIIABC fornunl by the intnxluction of C into CJIj.VB, and the pro- 
portion of e.ach. 

In a (lu.alitat ive .sense jjrediction is ix)s.sible, but the problem is much 
more complex than si su|x*rficial con.suleration indicates. For a benzene 
derivative C»Il4.'\B with formula I, 


Apo 

Apo 


r 1 

U .^1 

w 

l.'i 

N^4^Bm 


I. II. 


both A and B directing sid)stitution to the «r//(U-position .and the para- 
IM>sition, the third sul)stituent would be expecte<I to enter at 4 and (5 under 
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the influence of A, and at 3 and 5 under the influence of B, the four possible 
isomerides l>eing formed. Similarly, in combination II, Bm indicating 
direction by B of a new sub.stituent to the meto-po.sition, A would be expected 
to direct a new substituent to i)osition.s 2, 4, and 6, and B to direct it to 
position 5. In practice, tlu; relations are much more complex, although 
there are instances of the formation of the four isomerides, exemplified by 
o-chlorotoluene, corres|K)nding with formula I. In other examples such as 
that of o-cresol, 

OH 

3 

9 

substitutinii is at positions 4 and 0 only; but with compounds of type II 
substitution at position 5 has never been observed. 

The explanation must lie in the fact of the velocities of the substitution 
induced hy the substituents already present having very divergent values. 
Assuming the velocity of substitution due to the hydrox^d-group in o-cresol 
to be one hundred times as great as that due to tlie methyl-group, the extent 
of substitution at positions 3 and 5 would be so small as to render detection 
of the products impossible. In compounds of t^’pe II substitution inevitably 
is much more raj)id at the y>«ra-position and the or^/io-position than at 
the meta-position. 

A study of the different examples of substitution in compounds CnH 4 AB, 
and a quantitative estimation of the isomerides formed, enable the velocities 
induced by the various substituents to be arranged in order, altiiough 
almost invariably the attainment of such an arrangement by direct deter- 
mination is precluded. The groups causing substitution at the parn- 
position and the or/ho-position exert their influence in the order 

Oil > NH 2 > halogens > CH., ; 

and the much le.ss powerful groups causing substitution at the wc/a-posilion 
are in the order 

C 00 II>S 03 H>N() 2 . 

Inversely, knowing these orders of velocity, it is possible to predict the 
isomerides obtainable in a given reaction. The procedure is exemplified 
by chlorophenol, the substituent being introduced mainly at the ortho- 
position and the pam-position to hydroxyl; and by chlorobenzoic acid, 
replacement occurring chiefly in the orf^o-position and the para-position 
to chlorine. 

362. This opposition between or//io-derivatives and para-derivatives 
on the one hand, and Tneto-derivatives on the other, is observed not 
only in their preparation, but also in many of their properties. As a 
class, the meta-compounds are more stable towards reagents than the 
or<Aa-derivatives and para-derivatives. An example is given in 331. 


/i\ 
16 2 

16 3I 

N!/ 


CII 
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Or<Ao-groups sometimes exert a remarkable influence in retarding 
or partially preventing reactions induced readily in their absence. 
The following reactions exemplify this phenomenon. 

Normally, an acid dissolved in excess of absolute alcohol can be 
converted into an ester almost quantitatively by a current of hydrogen 
chloride ( 93 , 1), but Victor Meyer and his students failed to esterify 
by this method acids containing two groups in the ort/io-position rela- 
tive to carboxyl, 


coon 



Inversely, the ester formed from such an acid by means of the 
silvc^r salt and an alkyl halide can be saponified only with difficulty. 
With the two substituents at any of the other positions, these peculiari- 
ties arc wholly, or in great measure, lacking. Ketones substituted in 
the two orf^o-positions, 

CHs 

^CO-ll, 

~CH3 

R being an alkyl-radical, cannot b(^ converted into oximes, a distinction 
from all other ketones. 0 - 0 -Dimcthylanilinc, 

_CH3 

CH3 

is not converted by an alky] iodide into a quaternary salt. Penta- 
methylbcnzonitrile, (’'f,(CH 3 ) 5 CN, cannot be hydrolyzed to the cor- 
responding acid. The methyl-hydrogen in o-o-dinitrotoluene, 

/NO2 2 
C6H3^H3 1, 

\N02» 

cannot be replaced by halogens even at a high tempcratm*e ( 200 °), as 
is true also of l:2:4-dinitrotoluenc. In spite of numerous attempts, 
the hydrolysis of 3-nitro-2-cyanophenol, 

OH 
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to the corresponding acid, 

on 

0 COOII 
NO 2 ’ 

has not been effected. 

Groups occupying positions wider apart sometimes exert a similar 
effect. One of the nitro-gi’oups of symmetrical trinitrobenzene is 
replaced by methoxyl through the action of sodium methoxide; but in 
trinitrotoluene, 



NO2 


analogous substitution has not been possible, tln^ mcthjd-group i)r(‘- 
venting exchange of nitro-group 3. 

Certain instances of ort/in-substituenls increasing the n'activity of a 
group situat<*d between them are known. 
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363. There exists a series of natural compounds with proportions of 
hydrogen intermediate oetween those in the aromatic derivatives with 
saturated side-chains and tlioso in the saturated aliphatic; derivatives. 
These hydroajdic or hydroaromatic compounds are converted readily 
into aromatic bodies. They are derivatives of hydrocarbons with the 
formula C3„H2n having two hydrogem atoms less than the corresponding 
saturated hydi’ocarbons, ( '0^20+2, but nevertheless displaying all the 
properties characteristic of saturated compounds. The explanation is 
their lack of multiple bonds, and the presence of a closed carbon chain 
as in cyclohexana, 

.Clio— CII2. prr 


The terpencfi, ChoHio, are vegetable-products, and are the principal 
constitiK'iits of the “ essential oils.” These oils also contain compounds 
of the formula; CioUkiC, ('uiHisO, and ChoIboO, among them the 
camphoric. Th(‘ ter[)encs and camphors arc converted readily into 
aromatic compounds, and therc'forc belong to the hydroeyclic series. 

Caucasian i)cti‘oleum consists mainly of cyclic hydrocarbons known 
as naphlhcnea with tin; formula Cnll.2n* Pictet considers this variety 
of j)etrolcum to ha\'(‘ had its origin in the slow decomposition of resins 
pres('nt in pine and many other types of wood. Normally, this petrol- 
(’um is optically activ(‘, indicating the transformation to have taken 
place at a relatively low temperature. This hypothesis receives sup- 
jiort from the fact that the hydrocarbons of vacuum-tar (283) belong 
chictly to the series Cnll2ii- 

One of the two principal methods employed in the preparation of 
these hydrocarlions utilizes aliphatic compounds, the other process 
depending on the use of aromatic derivatives. Several examples of each 
method will be cited. 

The dry distillation of calcium adipate yields c.ycZopentanone, and 
that of calcium pimelate gives cyclohcxanon' '. 

rrr ^CH2-(Tl2-COO. ^CH2-CH2. 


Calcium pimi'lali* 


r^rZoIIoxanoiu* 


This structural formula is indicated for cyc/ohexanone by the ketonic 
character of the compound, and by its almost quantitative oxidation 
by dilute nitric acid to adipic acid: 

471 
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CH2-CH2CO 

I I 

CH2-CH2-CH2 

r^f/oHcxanofie 


CH2-CH2-COOH 

I 

CII2CH2-COOH 

Adipic acid 


Diethyl succinate constitutes an important basis for the synthesis 
of other cyclohexane derivatives. In presence of sodium, two mole- 
cules of it condense to diethyl succinylsuccinate, an ester melting at 
127°: 


C 2 H 5 OOC 




CH2'^ 

I 

CII 2 


COOC 2 H 5 


+ 


C^HsOOC 

Diethyl succinate 


/ 


CII 2 

I 

CH 2 


/ 


COOC 2 H 5 


HaC; C1I-COOC2H6 


= C 2 H 500 C-I 1 C CHa 

Diethyl succinylsuccinate 


+ 2 C 2 H 6 OH. 


The free acid is obtained by saponification, and decomposes at 200° 
with elimination of two molecules of carbon dioxide, yielding 

X::il2— CII 2 V 

l>-diketocyc\ohexane, ^CO. The structural formula of 

\CH2— 

this substance is indicated by this synthesis, and also by its reduction 
to eyeZohexanone. 

The second method of obtaining hydrocyclic compounds depends 
on the reduction of aromatic derivatives. The procedure devised by 
Sabatier and Senderens involves passing a mixture of the vapour 
and hydrogen over finely-divided nickel at temperatures between 1.50° 
and 200°. In Willstatter’s process, hydrogen at the ordinary 
temperature is passed through the undiluted liquid compound, or 
through its solution in ether or glacial acetic acid, platinum-black 
formed by reduction of a solution of platinum chloride with formalde- 
hyde and sodium hydroxide being employed as catalyst; 


CoH6“l“3Il2 = CoHia- 

Benzene cz/c/o Hexane 

In describing the hydrocyclic compounds, it is convenient to con- 
sider separately the cymene derivatives or terpenes, for they exhibit 
many characteristic properties. The other hydrocyclic ^ compounds 
will be reviewed briefly first. 
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364 . eycloHexane is the simplest member of this group. The best 
method for its preparation is the hydrogenation of benzene by the 
method of Sabatier and Senuerens. Like its homologucs, it is a 
colourless liquid. Its boiling-point, 80°, is very near to that of benzene, 
80*4°. The isolation of this hydrocarlion from the crude hydrogenation- 
product of benzene by fractional distillation is therefore impracticable. 
In its separation, advantage is taken of its stability towards fuming sul- 
phuric acid or concentrated nitric acid at the ordinary temperature, the 
first converting the benzene present in the crude product into benzene- 
sulphonic acid and the second into nitrobenzene. Each of these com- 
pounds being soluble in the corresponding acid, and q/ctohexane insol- 
uble, the separation of the hydrocarbon can be effected readily. The 
melting-point ( 82 ) affords the best criterion of the purity of cyclohexane. 
It is 6*4°, approximating closely to that of benzene, 5*4°. 

In diffused sunlight chlorine rcacts very energetically with cyclo- 
hexane, and in direct sunlight with explosive violence. A mixture of 
substitution-products is formed, and yields monochlorocyclohexane by 
fractional distillation, lleplacement of the chlorine atom in this com- 
pound by hydroxyl is not effected readily; but alcoholic potassium 
hydroxide converts it into cyclohexene, a liquid boiling at 83°-84°, and 
possessing all the properties characteristic of unsaturated compounds. 

When a mixture of phenol-vapour and hydrogen is passed over 
finely-divided nickel, cyclohexanol is formed. It is a colourless and 
somewhat viscid liquid boiling at 160- 5°. At a low temperature it 
solidifies to a camphor-like mass melting at 20 °. 

\i-Diketocyclohexane ( 363 ) melts at 78°. Gentle reduction with 
sodium-amalgam in an atmosphere of carbon dioxide converts it into 
the dihydric alcohol guinitol: 

/CHa-CHav /CHa-CHav 

CO< >00-1-411 = HO.C'H< >CII.OH. 

\CHa • C^Ha^ ^CHa • CHa^ 

2 ;-l)ikotorj/r/f>huxaiir Quinitol 

Two modifications of quinitol are known, distinguished by the 
prefixes cis and trans. They are prepared best from quinol by the 
reduction-method of Sabatier and Senderens ( 363 ). They can be 
separated by means of their acetyl-derivatives. The stereochemical 
character of their isomerism is indicated by a consideration of Fig. 31 
( 167 ) representing a cyciopenty 1-ring. Assuming the pentagon to lie 
in the plane of the paper, one of the free bonds of each carbon atom will 
lie above that plane, and the other below it. Similar construction of a 
eyeZohexyl-ring gives the perspective figure 
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the afRniti('s not forming part of the ring being represented by vertical 
liru's. Th(? isom(»risin of the quinitols is explained by assuming the 
hydroxyl-groups of the c/Vmodificalion to be situated on tln^ same side 
of the hexagon, and <lios(' of the fran^f-modifieation to be on the opposite 
side: 


II 

H 


H 

II 


OH ^ Ji 

n\ 

Oil; 

s 

OH^/ir 

N 

.11 

sf 



H 

H \,n 


'oh 

H 

If 


H 

IT 



(M.P. 101°) 


/rans-Quiliitol 

(M.P. 139°) 



Two isoiiK'rides arc possible also for cycVohoxancdiol-l :2, and can lx* 
represented by th(‘ figures 



As a sequel to the facts cited in 337 the ciVforrn would be expected to 
show a great increase in conductivity on addition of boric acid, but the 
/rans-forin would not; and similar b(*haviour \vould be anticii)ated for the 
cfs-forni and the iraris-form of c/yc/oheptanediol-l : 2. Whilst experiment 
has demonstrat(?d the })ositive effect to be lacking for ri\s-cyc/ohexanediol-l : 2, 
it has indicated both the cf.s-form and the /ruas-form of c/yctoheptancdioH : 2 
to be cai)able of increasing the conductivity of boric acid. The positions 
of the hydroxyI-grouj)s in ci.s*-c#/ciohexanediol-l : 2 must therefore be assumed 
to be unfavourabh; to the j)roduction of this effect, whereas those occupied 
by the h^'droxyl-groups in the cf«-form and the /ra?is-forni of qycZehep- 
tanedir)!-! :2 must lx; regarded as favourable?. 

Bojeskken made these experiments, and considered the phenomena to 
l>e associated wdth the jresence of undulating, and not of jjlaiio, rings 
(280). If this view be correct, the behaviour of the two hydroxyl-grouixs 
of cuw/T/ctohexanediol-l :2 would l>e governed by their mutual repulsion, 
as with glycol, and the substance would be unable to combine with boric 
acid. On the other hand, the groat mobility of a c7/c/oh(‘ptane-ring would 
bring the two hydroxyl-groups of ^rans-C2/cZohcptanediol-l:2 into positions 
favourable to union with boric acid, thereby forming a five-membered ring. 
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Inositol, C0H12O6, is a hexahydric alcohol derived from cyclohexane, 
and has a molecular formula similar to that of the hexoses. On account 
of its sweet taste and its occurrence in many leguminous plants, it was 
classed formerly with the carbohydrates. Its relationship to cyclo- 
hexane is indi(!atcd by its reduction with hydrogen iodide to benzene, 
phenol, and tri-iodophenol, and by its conversion through phosphorus 
pentachloride into quij ine and substituted quinones. The presence of 
six hydroxyl-groups is d(‘monstrated by the formation of a hexa- 
acetate. Inositol is also a constituent of the heart-muscle, the liver, 
and the brain. 

An important derivative of cyclohexane is l-niethyh‘yc\ohexylide7ie- 
A-acelic acid, 


CH3\ /CHo-CIIav /II 

\rvr'/ 

TI^ ^CJIa-CHo^ ^(X 


OOII 


This substance affords a striking example of optical activity occasioned 
by “ Dissymeti-ie inoleculaire " (196), for it lacks an asjunmetric 
carbon atom, and yet can bo resolved into its optically antipodes. It 
is one of the substances of the type 

a c 

h d 


one of the double bonds being replaced by a ring of six carbon atoms. 
The mirror-images of such substances cannot be superimpo.sed, and in the 
year 1874 van ’t Hokf predicted the discovery of their o])tical activity. 

cycXolIexanone can be prepared from pimelic acid (363), but is ob- 
tained more readily by the oxidation of cyrlehexanol with chromic acid. 
It boils at 155°. Its alkaline solution reacts with benzaldehydc to form 
the well-crystallized condensation-product dibenzalcyvlohexanorie: 
/CIl2-CIIo. +OCn-C6Hs 

CH2 < Vx) 

\CH2 • CHo^ -f OCH • C0II5 

cycZoilexaiione 


/CH2-C=CH-C6H6 
=2H20+CH2<: >CXJ 

\CIl2-C=CH.CfiH5 

I)ibonzalrj/r/olicxanono 


This reaction fumishes a good test for cyclohexanone. 
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The properties of the hydrocyclic acids are analogous to those of 
the aliphatic acids, hexahydrobenzoic acid having a rancid odour like 
that of capric acid. It melts at 92®, almost 30° lower than benzoic 
acid, a substance melting at 121 •4°. The hydrophthalic acids exhibit 
isomerism explicable like that of quinitol. 


TERPENES. 

365 . The terpenes are hydrogenated derivatives of cymene and its 
substitution-products. Many of them are vegetable products. They 
volatilize readily with steam, and this property facilitates the isolation 
of the natural terpenes. The distillate separates into two parts, an 
aqueous layer below, and a mixture of terpenes above. The dried 
terpcnc-layer is fractionated several times in vacuo to isolate its con- 
stituents. Sometimes complete purification of the terpenes has to be 
effected by their conversion into derivatives separable from impurities 
by crystallization, it being possible to regenerate the terpenes from the 
crystalline compounds obtained. 

VON Baeyer devised a rational nomenclature for the numerous 
derivatives of hydrogenated cymene. He numbered the carbon atoms 
of this hydrocarbon as in the scheme 


Cw 

I 

C 

c 


C(«) 

X\ 

C(») C(io) 


a double bond between two carbon atoms such as 3 and 4 being denoted 
by A®. 

The saturated cyclic hydrocarbon kexahydrocymene, C10H20, is 
termed menthane. It is not a natural product, but can be' obtained by 
the interaction of cymene and hydrogen with nickel as a catalyst. 
It boils at 168°. 

The saturated alcohols and ketones derivable from menthane are 
very important. Among them is merUhol or 3-menthanol, C 10 H 20 O, 
the principal constituent of oil of peppermint. It crystallizes from 
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that oil on cooling, and forms colourless prisms of characteristic pepper- 
mint-like odour. It molts at 43®. 

Menthol has the constitution 


CHa 

I 

CH 

/\ 

HaC CHa 

I I 

HaC CHOU ■ 

Vi 

CH 

CiCbHa 

Menthol 


It is a secondary alcohol, oxidation with chromic acid eliminating two 
atoms of hydrogen to form a substance of ketonic character termed 
merUhone, a constituent of oil of peppermint. As there are several 
processes for the conversion of menthol into cyrnene or its derivatives, 
it must contain a cymcne-rcsidue. One of these methods also proves 
the hydroxyl-group to be attached to carbon atom 3. It involves the 
action of bromine on a solution of menthonc in chloroform, the product 
being a dibromomenlkone. Quinoline eliminates two molecules of hydro- 
gen bromide from each molecule of this substance, forming thymol 

(294), 

CH 3 

v\ 

U««' 

CH(CIl3)2 

Thymol 


Heating thymol with phosphoric oxide yields propene and m-cresol 
(294), indicating its methyl-group and hydro.\yI-group to be at the meta- 
position. 

366 . Terpinol, CioHisCOH)^, is a dihydric alcohol theoretically 
derived from menthane. Its hydrate, CioH 2 o 02 ,H 20 , is obtained by 
keeping oil of turpentine in contact with dilute nitric acid and a small 
proportion of alcohol in shallow dishes for several days. During the 
process the turpentine eombines with the elements of three molecules 
of water. Terpinol hydrate forms well-defined crystals melting at 117®. 
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From each molecule heat expels one molecule of water, anhydrous ter- 
pinol distilling at 258°. 

Terpinol can be synthesized from geraniol, 


\C=CH . ( TTo • C"H2- C=CH • CIT2OH. 

cm 


Prolonged agitat ion with sulphuric acid of five per cent, strength causes 
each molecule of geraniol to combine w'ith tw'o molecules of water, and 
become converted almost quantitatively into terpinol hydrate: 


CH.1 


CII 3 


II2C Cll 


C.OII 

HoC (IT2 


HoC CH 20 H+ 2 Il 20 = IT2C CH2OH-H2O 


li 

c 

CH 3 c:h3 

Geraniol 


\ 

CII 2 

I 

(%()H 
CII 3 CIT 3 

Terpinol hydrate 


CIT 3 


C-OIT 

ll2(^. CII2 

• I I 

IhC CII2 

c:ti 

I 

COH 

CHs CH3 

Terpinol 


This mode of synthesis indicates terpinol to be 1 : 8-dihydroxymenthane, 
and there is other evidence in favour of this view. Hydrogen iodide 
reduces it to menthane, proving the presence of a cymene-nucleus. 

The constitutional formula given for terpinol is confirmed by the 
i^mthesis of this compound effected by W. H. Perkin, Jun. Ethyl 
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wxliocyanoacetate and ethyl 2-iodopropionate react in accordance with 
the equation 


2(’N • CIINa . COOC2II5+2I • CII2 • CII2 • COOCaPIs = 2 NaI+ 


CN 


+ 




CH 2 -CII 2 -00002115 


( .JH5OO0/ JH 2 -OOOC 2 II 5 

I. 


+0N.0H2-00002II5. 


Hydrolysis of compound I simultaneously eliminates carhon dioxide, 
with formation of the acid 

/OH 2 -0142-00011 

Hooo-on< 

x:h2-ch2 -0 ()oh 


From it water and carbon dioxide are removed by heating with acetic 
anhydride*, the ketonic acid 


HOOC-OH 


^0H2-0IT2 

\oH2-OH2 



being formed. The carbethoxyl-group and the carbonyl-group of the 
ester of this acid react rt-adily*^ with methyl magnesium iodide (91 and 
102), giving a compound of the formula 


/(;H2-0II2\ /OMg-I 
OIl3^0-OIl< >0< 

I-MgO/ ^OHo-OHo/ Nrila 


7 


converted by dilute mineral acids into the product 


Olla 

OH3 


V /OII2-CH2 

>0-C41< 

/()H VHz-OITa 



7 


identical with terpinol. 

Eliminatif)n of water from terpinol yields, among other products 
(367), a substance of the formula Cu)HisO. It is neither an alcohol 
nor a ketone, and is identieal with cineol, a constituent of many essential 
oils. Oil of eucalyptus and oil of wormseed (Oleum cinae) contain a 
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largo proportion of this compound. Its mode of formation and pro- 
perties indicate cineol to have the constitutional formula 


CH3 


/X 

H2C CHz 

I I 

H2C CH2 

\/ 

CH 


CH3 CH3 

Cineol 


-o 


367. Some of the unsaturated derivatives of menthane are also 
very important. The menthenes, CioHig, hydrocarbons with one 
double bond in their molecule, need not be considered; but the alcohol 
terpineol and the ketone pulegone, derived from them, merit description. 

Terpineol, CioITisO, is a constituent of some essential oils. It 
has an odour resembling that of lilacs, melts at 35°, and boils at 218°. 
Terpineol is related closely to terpinol, agitation with dilute sulphuric 
acid converting it into terpinol hydrate. Inversely, boiling with dilute 
sulphuric acid regenerates terpineol from terpinol hydrate, with elimina- 
tion of water. 

The constitution of terpineol therefore must be very similar to that 
of terpinol, the only problem being the identity of the hydroxyl-gn)up 
eliminated from the molecule of terpinol along with one hydrogen atom. 
The existence of an optically active terpineol proves it to bo the 
hydroxyl-group at 1, and terpineol to have the constitution indicated 
in the scheme 

CII3 CH3 

I I 

C (%OII 

II2C CII -^H2C CII2 

II I I . 

II2C CH2 H2C CH2 

X X 


C-OH 

/X 

CH3 CHa 

Terpineol 


I 

C-OH 

/X 

CH3 CH3 

Terpinol 


Carbon atom 4 in the formula given is asymmetric, but removal of the 
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elements of water from carbon atoms 4 : 8, 8 : 9 ( = 8 : 10) , or 1 ; 7 could not 
produce an asymmetric carbon atom. 

Pulegone, CioHioO, is the principal constituent of the cheap oil of 
polei {Mentha pidegium). It boils at 222°, and has a peppermint-like 
odour. The formation of an oxime indicates it to be a ketone. Reduc- 
tion with sodium and alcohol adds four hydrogen atoms to form menthol, 
proving the carbonyl-group to be at position 3: 

CHs CHs 



Among the unsaturated menthane derivatives with two double 
bonds are the hydrocarbons terpinolene, d-Umonene, and \-limonene, 
and racemic limonene or dipentene. Each has the formula CioHie- 
Terpinolene boils at 185°, and is formed by boiling terpineol with 
oxalic-acid solution, one molecule of water being eliminated. Theoreti- 
cally, two reactions are possible: 


CHa CHa CHa 


c 

c 

c 




II2C CH 

H2C CH 

H2C CH 

1 1 - 

H 20 = I 1 

or 1 1 . 

II2C CH2 

H2C CH2 

H2C CH2 


V 

II 


1 

C-OH 

II 

c 



/X 


CHa CHa 

CHa CHa 

CH2 CHa 

Terpineol 

I. 

Terpinolene 

II. 

d~ and U Limonene 
III. 


Terpinolene being optically inactive, and being derived from the opti- 
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cally active terpincol, the asymmetry of the carbon atom must have 
vanished, as in formula II. Carbon atom 4 of formula III is asym- 
mt^tric, as in terpincol itscK with formula I. 

Formula III is that of the optically active limonene, a constituent of 
many essential oils and varieties of turpentine. It has an agreeable 
lemon-like odour. Its constitution is inferred from its production from 
terpincol by elimination of water, effected by heating with potassium 
hydrogen sulphate; and from the formation by the addition of two 
molecules of hydrogen bromide of the same dibromomenthane as is 
obtained from terpinol by exchange of the hydroxyl-groups for bromine: 
CHs CHa CHa 


C-OII 

C-Br 

+ - 


/X 


HaC CHa 

II 2 C CHa 

HaC^ CII 

! 1 

1 1 

^ 1 1 

IlaC (^Ha 

llaC f^IIa 

HaCJ CH 2 . 


\/ 


CII 

CH 

CH 

1 

1 

C-OH 

1 

C%Br 

’?'■+ A 

X\ 



CHa CHa 

CHa ("Ha 

CH2 cats 

Terpilinl 

nibroinoinenthane 

Limonene 


Dipentene, a constituent of oil of turpentine, is formed by mixing 
d-lirnonene and i-limoncnc in equal proportions by weight. Like the 
limononcs, it yields a well-crystallized totrabromidc, indicating the 
presence in its molecule of two double bonds. Isoprenc ( 127 ) can be 
prepared from limonene by passing its vapour over an electrically- 
heated platinum spiral. 

368 . Carvone, CioIIi 40 , is an important ketone belonging to this 
group. It is the principal constituent of oil of caraway, and has its 
characteristic odour. It boils at 228“. Related to carvone is carvacrol, 
obf,ained from it by heating with potassium-hydroxide solution : 


CHa 


HC 


C 


C-OH 


'V 

Ah 

ch^^::h3 

Carvacrol 


CHa 

hAo 

I I . 
HaC CHa 

c;ii 

I 

c 

CHa CHa 

Carvoxi 
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The hydroxyl-group in carvacrol is in union with carbon atom 2, for 
heating with phosphoric oxide evolves propylene and forms o-cresol 
(294). The carbonyl-group in carvone is assumed therefore to be at 
position 2. Carvone is proved to bo a ketone by the formation of the 
oxime carvoxime. 

The addition of nitrosyl chloride to limonene, followed by the 
elimination from each molecule of one molecule of hydrogen chloride, 
yields carvoxime: 


CH3 

CH3 

CHa 

c 

c.(n 

(3 

II2C CH 

IhC C:NOII 

HC^\;:NOH 

1 1 

-|-NOCl= 1 1 

-HC 1 = 1 1 

H2C Clla 

ii2(- cTr2 

H2C CII2 



\/ 

c:h 

• 

CII 

CII 

c 

c 

c 

(ffla C:H 3 

CH2 CII3 

CII2 CHs 

Linionpiic 

Linioncrio nitroso-ohloriclo 

Carvoxime 


This reaction indicates carvone to contain one double; bond and the 
other double bond to ])e A*’ or A‘=". In the production of tcrpineol 
from terpinol tlie double bond is formed between two carbon atoms of 
Iho nucleus, and by analog^' this arrangement should hold for carvone. 
Further (‘vidonce in favour of the formula indicated is afTordod by the 
tk'coinposition-products of the carvone molecule, but the details are 
beyond the scoi)c of this work. 


Polycyclic Terpene Derivatives. 

369. There exist hydrocarbons of the formula CioHic with a single 
double bond, for they add only two univalent atoms or groups. As 
they contain four hydrogen atoms less than the saturated cyclic men- 
thanc, C] 01X20, they must have a second closed chain in the molecule. 
Moreover, these compounds and their derivatives are related clo.scly 
to cyrnene, most of them being convertible into it or into kindred sub- 
stances. Investigation has revealed the existence of the possibility 
for the formation of the second ring of the three different modes repre- 
sented in the formulae: 
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CHs CHs 

CH CH 



CH 

Caxnpbane 


The tertiary carbon atom takes part in the formation of the ring, 
or “ bridge-formation.” Carane has a trimcthylenc-ring, pinane a 
tetramethylene-ring, and campkane a pentamethylene-ring. Several 
members of these three gi’oups will be considered. 

Carane is a lujuid boiling at 169°, and is obtained by the reduction 
of carom, 



Carone 
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The opening of the trimcthylene-ring at 3:8 yields derivatives of p- 
cymcne, and at 4:8 derivatives of w-cymene. 

Pinene is the typical member of the pinane-group. As the principal 
constituent of the various oils of turpentine, it is of technical impor- 
tance. It is optically active, a dextrorotatory form, a la;vorotatory 
variety, and an inactive modification being known. It boils at 156°. 
The presence of a double bond is identified by the addition of an 
equimolecular proportion of dry hydrogen chloride, the gas precipitat ing 
from cooled oil of turpentine a compound of the formula CioHio,TICl, 
termed “ artificial camphor,” apd resembling camphor both in appear- 
ance and odour. Pinene also forms readily an addition-product with 
nitrosyl chloride. Pinene has the formula 


CITs 

I 

C 



ITie presence of a tetramethjdcne-ring is assumed to explain the cron- 
stitution of pinene oxidation-products such as jnnotiic acid and jnnic 
acid, and for other reasons. Under the influence of benzenesulphonic 
acid, pinene in acetic-acid solution combines with oiu' molecule of 
water to form terpineol, the tetramethylene-ring being opened. This 
transformation indicates the position of the double bond. 

CAMPHORS. 

370 . Ordinary camphor, CioITioO, is the most important member 
of the camphane-group. Ordinary dextrorotatory ” Japan (saniphor ” 
is obtained by the steam-distillation of the bark of the camphor-tree. It 
forms a white, soft, crystalline mass of characteristic odour, and sub- 
limes even at the ordinaiy temperature. It melts at 175*7°, and boils 
at 209*1°. 
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Tho camphor-odour is characteristic of many compounds having all 
the hydrogen atoms attached to a single carbon atom replaced. Very few 
of the relations Iwitwcen odour and chemical constitution have been dis- 
covered. Compounds of widcl.v divergent chemical structure often have 
a very similar odour, as with artificial musk and natural musk. Other sub- 
stances closely related chemically exhibit complete dissimilarity in smell. 
This phenomenon is exemplified bj’’ the chlorophenols, the ort/<o-compound 
in the very dilute state having a powerful odour like that of i(Hioforrn; 
but tho snic'll of the »)c/rt-compound and that of the ywrn-compound are 
much less pronounced, and resemble that of unsubstituted phenol. 

Normally, the intensity of odour is.greater for unsaturaletl substances 
than for the cori-esponding saturated derivatives. It usually increji.ses 
A\nth ri.se in molecular weight in a homologous .series until a ma.ximum is 
attained. 

Camphor is a saturated ketone, because it does not. yield addition- 
products, and forms an oxime. Reduction converts it into the second- 
aiy alcohol horneol or “ Borneo camphor ” : 


C.jH 10 *00-1-211 = Callio .CIIOH. 

Camphor Bonieol 


In addition to the carbonyl-group, the camphor molecule (!ontains 
a methylene-group, for it has the propei-ties of compounds with the 
group — CIl 2 *CO — . As explained in 199, the hydrogen of such a 
melhylone-group can be replaced by the oxime-group through the 
action of amyl nitrite and h3'drogen chlorid*;. Camphor reacts simi- 
larly, these reagents convert,ing it into iaonitrosocamphor, melting at 
lo 3 °: 

CII 2 /C=NOH 

C.sH,4< I -^CsH,4<| 

XX) XX) 

Camphor twoXitrosucarnpliur 


Elimination of the 
camphor-quinone, 


oxime-group from fsonitrosocamphor yields 


CsHii. 



Hj'drogcn peroxide oxidizes this compound to the anhydride of 
camphoric acid, 


C«Hi 4 < 


COOH 

COOH* 


It can be obtained also directly from camphor by oxidation with nitric 
acid. ()bviou.sly, a knowledge of the constitution of camphoric acid 
would enable that of camphor to be inferred. 
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Ordinary camphoric acid is dextrorotatory, and melts at 187®. 
The lour optically active camphoric acids are dextrorotatory and 
lievorotatory camphoric acid, and dextrorotatory and licvorotatory 
\fMycamphoric add with the same constitution as camphoric acid. These 
facts indicate the molecule of camphoric acid to contain two dissimilar 
asymmetric cai'bon atoms (i88). 

Energetic oxidation converts camphoric acid into the tribasic 
optically active carnphoronic add, its constitution being inf(;rred from 
its synthesis, and from the decomposit.ion-pi*oducts formed by its dry 
distillation. That process d(‘compos<*s it into trimethjdsuccini(! acid, 
fsobutyric acid, carbon dioxide;, and carbon: 


(CH3)2C.C00H 

I (CH3)2C.C00II 

CHs-C-COOll = I 

I CHs -CH •COOTI+C+II 2 +CO 2 ; 

CTl2-CX)OTI 

Carnphoronic; arid 

and (CH 3 ) 2 Cn .COOH+^J{* >CIT .COOII+C:Oo. 


T1 < sc facts facilitate deduction for camphoric acid of a formula 
accouKr.g also with its other pi-operties: 

— coon 


COOH COOPT 

I I 

I C'll.s— C— C’Hs 

! I 

f ' H > -V C;OOH 

I 

(^Tl3 

Caniplioroiiic! arid 


CH. 


CH- 


CHs—C:— CTI 3 ; 

I 

CHo C COOH 

t 

CHa 

Camphorir arid 


CHa 

CHa^ 


CH CHa 

I 

CHs— c::— C’lTa 

I 

C ( 


;o 


I 

CHa 

Camphor 


This structural formula for camphor was proposed originally by 
Bredt. His view was confirmed by the synthesis of camphor, effected 
by W. H. Perkin, jun. and J. F. Thorpe, and also by Ivompi'a, but the 
details of the processes involved are be 3 ’ond the scope of this work. 
The formula of camphor contains two dissimilar asj'mmctric carbon 
atoms, represented in bold-face type. 
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The position of the carbonyl-group in camphor is indicated by its 
conversion in(.o carvacrol by the action of iodine, the hydroxyl-grouj) 
in that compound being in the wt/to-position to the metliyl-gi'oup (368). 

Borneol contains a CHOH-group instead of the carbonyl-gi'oup 
present in camphor. By i-eplacenient of tlie hydroxyl-group by iodine, 
it yields bornyl iodide, reducible to camphane : 


CII2- 

CII 

-CH2 


1 

CHa— C— CHa 

1 

• 

CH2- 

1 

C 

-CH2 


I 

CH3 


Camphane 

According to tlie formula, the convei-sion of cai’bonyl, CC, into methyl- 
ene, CH2, should destroy the asymmetry of both the asymmetric 
carbon atoms of camphor, and camphane is optically inactive. 

The formula of camphor contains an ?.s‘opropyl-gi’oup and therefore 
accords with the conversion of camphor into cymen(' by heating with 
phosphorus pentasulphide. The complete synthesis of camphoric 
acid previously^ mentionetl has settled d(‘f!nitcly the constitution of 
this acid, and that of camphor itself. 

Camphor finds technical ajjplication in the manufacture of “Celluhiid,” 
a .solid solution of nitroc(’llul(j.se and camphor c>[ very j)lastic nature. To 
render thi.s process indej)endent of the Japanese production of camphor, 
various methods of .synthesizing camjJior from turpentine have been 
devised. One of them involves the addition of hydrogen chloride to 
pinene, a simultaneous intramolecular rearrangement yielding bomyl 
chloride. On heating this substance with sodium ff)rmatc, the chlorine is 
replaced by tlu; Jl-COO-group, yielding the formate of tsobomeol, 
CioHu'OII, a derivative; convertible by o.xidation into camphor. 

POLYTERPENES. 

The 'polyterpenea include a number of compounds of the formula 
(C6H8)n, n being greater than 2. 

The most important member of the class is caonichouc or india- 
rubber, obtained from lalex, a fluid present in the laticiferous system of 
various tropical plant.s, chief among them being IJevea brasiliensis. 
Incisions are made in the stem of this tree, the process being known 
technically as “Tapping,” and the liberated latex is collected in small tin 
or earthenware cups. The milk-like fluid is coagulated by the action 
of a small proportion of acetic acid, the coagulum being passed through 
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rollers to convert it into sheets. Caoutchouc is puriEod by dissolving 
in it chloroform or another solvent, and precipitating it with alcohol in 
a white amorphous form. It is vulcanized by the action of sulphur or 
sulphur monochloridc, SaCl2, a process considerably augmenting its 
elasticity and durability. Unvulcanizcd caoutchouc becomes sticky 
at 30°, and loses its elasticity at 0°. Over-vulcanization yields ebonite 
or vulcanite. 

Peachey’s cold vulcanization process consists in exposing the raw india- 
rubl)er to the action of sulphur dioxide and hydrogen sulphide alternately, 
an active form of sulphur Iwing lil)erated and the india-rubber vulcanized 
without the application of heat. The method is much more rapid than the 
older process, and avoids the cost of steam. It has the additional advantage 
of enabling many cf)louring matters destroyed bA" the usual operation of 
vulcanization to be employed. Other proce.s.ses for direct vulcanization 
of latex have been devised also. 

Ozonized air reacts with a solution of caoutchouc in chloroform to 
produce an ozonide in the form of a vitreous mass. This substance 
has the empirical formula C.5ITSO3, but its molecular weight must be 
much higher than that indicated by this formula. The ozonide is con- 
verted quantitatively by water into lorvulaldehyde, 


rn:i.c:o.C'H2-cir2*c 


,11 

O’ 


and a peroxide of that sub.stance. 

The hydn)genation of caoutchouc with hydrogen at 100° and a 
pressure of sixty atmospheres in presence of platinum as a catalyst 
yields a compound of the formula and with all the properties 

of a saturated hydrocarbon. Its nature is exemplified by its stability 
towards cold, concentrated nitric acid; as well as by the inability (/f 
bromine to react with it by addition, only substitution being possible. 
As an initial product this hydrocaoutcfwuc is amorphous, and has a high 
molecular weight. Heat decomposes it, the derivative with the lowc.^t 
molecular weight obtained being 2-methylhutene-\ or aa-methylrtJiylefhcnc, 


CHaCH3C=CH2 
CHa ’ 

whilst the decomposition of caoutchouc itself under the influence of 
heat gives 2-mMhyU)uladiene-\:‘6 or isoprene (127), 


CH2=CH.C=^CH2 

CHa 
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As its formula is (C 6 Hio)x, hydrocaoutchouc must have a saturated car- 
bon ring. Since the formation of 2 -methylbutene indicates the presence 
in the ring system of a scries of such groups, hydrocaoutchouc can be 
represented by the formula 


— • CH . C’TIo . C ^Ila— CHa • CPI • CII2 • CHa— , 

CH;, CH;, j’ 

and caoutcliouc. itself by 

— =CII . CHa • CHa • C^=C;H • CHa • CHa • C=— ; 

CH;, CH;, ■ 

with carbon rings of unknown size. '’J'his formula h'f caoutchouc 
accounts for the formation of 4-ketoj}erUanal by fission at the doubh; 
bonds, and of isoprene by rupture at the positions next to the double 
bonds. 

The great technical importance of caoutchouc has led in recent 
years to many attempts to prepare it synthetically. Although poly- 
merization of isoprene ( 127 ) readily yields a product capable of under- 
going vulcanization and characterized by a great resemblance to 
caoutchouc, the synthetic derivative lacks the fundamental properties 
constituting the basis of the great practical importance of natural 
caoutchouc. Despite numerous attempts, and the possibility of pre- 
paring isoprene on the large scale, no technically applicable method for 
the production of caoutchouc has been discovered hitherto. 



BENZENE-NUCLEI IN DIRECT UNION, OR INDIRECTLY 

UNITED BY CARBON. 


371 . Tlie simplest possible compound of this nature is one contain- 
ing two benzene-nuclei directly united. In addition, there arc com- 
pounds with the benzene-nuclei indirectly connected 1 ))' a carbon atom, 
or by a chain of carbon atoms. A few typical examples will be cited. 

Diphenyl, Cdh-Cdh. 

Diphenyl can be prepared by heating iodobenzene with finely- 
divided coj)per at 220°. A better procedure is to pass benzene-vapour 
through a red-hot ii-on tube: 

2(’on«=C,2H,o+H2. 

Another method for th(‘ preparation of the derivatives of diphenyl, the 
conveision of hj drazobenzene into benzidine, is mentioned in 301 . 
The removal of the amino-groups from benzidine by the diazo-reaction 
gives diphenyl. This method of formation also affords a proof of the 
constitution of benzidine. 

Oxidation converts diphenyl into Ix'iizoic acid. This reaction and 
the synthesis of diphenyl indicate its constitution. 

Diphenyl forms large, tabular, colourless crystals readily soluble in 
alcohol and ether. It melts at 71°, and boils at 254°. 

The isomeric substitution-products of dii)henyl are much more 
numerous than those of benzene, as the scheme indicates: 



Diphenyl 


A monosubstitution-product can exist in three isomeric forms, the sub- 
stituent being at the or//to-position, the meto-position, or the para-position 
to the bond between the benzene-nuclei. In a disubstitution-product 
both substituents may be attached to the same benzene-nucleus, or to 
different benzene-nuclei, and so on. 
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Benzidine is ef technical importance, many of the azo-dyestuffs 
being derived from it. 


Diphenylmethane, CyTIs • CH2 * C eHg. 

372. Diphenylmethane can be obtained from benzyl chloride 
CcH 5-CH2C1, or from methylene chloride, CH 2 CI 2 , by means of benzene 
and aluminium chlori<le. It.s homologues are produced by the action 
of benzene and concentrated sulphuric acid on aldehydes, acetaldehyde 
yielding ^^nsymmetrical diphenylethane: 


CHa-CH 




Replacement of derivatives of benzene by related compounds enables 
many derivatives of diphenylmethane to b(; obtained by Lhis mode of 
synthesis. 

Diphenylmethane is crystalline. It melts at 26°, boils at 262°, and 
has an odour resembling that of orange-peel. Oxidation with chromic 
acid converts it into iKjnzophenone (316). Benzilic acid is mentioned 
in 376. 

Triphenylmethane and its Derivatives. 

373. Triphenylmethane, CH(C 6 ll 5 ) 3 , is formed from benzal chloride 
CoHri • CHC/I2, by the action of benzene and aluminium chloride; from 
benzaldehyde and benzene in presence of a dehydrator such as zinc 
chloride; and from the interaction of chloi’ofonn and benzene in pre- 
sence of aluminium chloride. It crystallizes in beautiful colourless 
prisms melting at 93°. Its boiling-point is 359°. 

A scricjs of important dyestuffs, the rosanilines, is deiived from this 
hydrocarbon. Triphenylmethane itself is not employed as a basis for 
their preparation, simpler substances convertible into its derivatives 
being employed. The formation of the dyestuff involves three stages, 
malachite-green furnishing an examine. 

Heating benzaldehyde and dirnethylaniline with zinc chloride 
forms tetramethyldiarninotriphenylmethane : 


H 

CoHs-CrRT-f 

llll 


' ^N(CH3)2 


II 


. /CoIl 4 N(CH 3)2 

= H20-|-C6H6-C< 

>N(CH 3)2 X: 6 ll 4 N(CH 3)2 


The carbon atom of the aldehyde group becomes the " methane carbon 
atom ” of triphenyhnethane. 
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Thti product also is termed leucomalachite-green. In hydrochloric- 
acid solution it is converted by oxidation with lead peroxide into the 

, CoH5CfC«ll4N((:n3)2]2 , , , 

corresponding carlimol, , a colourless crystalline 

substance, like the parent leuco-compound. Being an aniino-basc, it is 
capable of dissolving in acids to form salts, these derivatives being 
colourless. Warming such a solution eliminates water, and produces 
the deep-green dyestuff, its double salt with zinc chloride, or the oxalate, 
being known as malachite-green. The elimination of water can be 
represented in several ways but usually is supposed to accord with the 
equation 


/C6H4NfCIl3)2,IICl 
I 


/r„n4N(CH3)2,Hci 

CcH 5 -C<r - Il20 = Colls • C< ^ v 

,5ll4 • N(CIl3)2, 1 111 Cl X >=N(CIl3)2 . 

I OH I I 

' ' Cl 

Quinoiioicl form 


This “ quinonoid rea(!tion ” is analogous to the formation of the deep- 
yellow bcnzoipunone from the (;olourl«*.ss (luiiiol. 

The three stages necessary to the formation of the dyestuff can be 
defined as follows : 

1. Formation of a Icuco-hase (colourless), a derivative of 


IIC(CoIl4NIl2)3. 

2. Formation of a colour-baxe (colourless), a derivative of 

H().(XCi(iH|NH2).i. 

3. Formation of the dyestuff, a derivative of 

/C«H4NH2,HC1 

Cr-C«H4NH2,HC1. 

XC(}H4:NH2-C1 


Reduction reconverts the dyestuffs into their leuco-bases, two hydrogen 
atoms being added during the reaction. 

Crystal-violet or hexamcthyltriaminoiriphenylnietliane furnishes an excel- 
lent example of a phenomenon also exhibited by other analogous basic 
substances. After the addition of an equivalent quantity of an alkali to 
a salt of crystal-violet, the liquid still remains coloured, has a strung alkaline 
reaction, and conducts an electric current. In course of time, the solution 
slowly becomes colourless, the change being attended by the disappearance 
of the alkalinity, and by a fall in the electric conductivity to that of the 
alkali-metal salt present. The liquid now contains a colour-base. These 



494 


BENZENE-NUCLEI IN INDIllECT UNION 


r§ 373 


phenomena are analogous to the conversion of acids into pse?frfo-acids ( 322 ), 
and for tliis reason the colour-base cun be rogardefl as a pseudo-ftosc. 
The initial product of th<* addition of the equivalent quantity of sodium 
hydroxide to crystal-vioh'f is a solution of the true base, 

(CTrd.N -O JI4. \_v(CTIa),. 

(CJh).N-C«H4^ OH • 

After several hours at 2o°, this true base will have changed to the colour- 
base' or yw/Zf/o-base, 

Cr.H4-N(CII,)2 

((’h.,)oN-(’.H 4 on 

IIan'izsch ielcTitified as p.sr/zz/zz-bases many substances other than that 
mentioned h<*r('. 

Pararomnilivc, is obtaine'd by the oxiflation of a mixture of 
2 )-toluidinc (one graiiinio-iiioh'cuh') and aniline (two grainine-moleeules) 
by arsenic acid or nitrobenzene, the methyl-group of tohiidine furnishing 
the “ methane carbon atom ” of the triphenjdinethano; 

/(\iTT 4 -NTTo /CGli4N?l2 

CH 3 / Collr, • NM2+.‘^0 = TI()— ( ’^( ’,JT4Nll2+2Il20. 

Con5'NTl2 M'o1J4NH2 

This colour-base dissolvz's in acids to form a rod dyestuff, and can bo 
rcprecipitated by alkalis. Ibiduction with zinc-dust and hydrochloric 
acid transforms it into paralcucanilinc, IlC(Ccll 4 XH 2 );j, a colourless 
crj’stalline substance melting at 148°, and reconverted into the colour- 
base by oxidation. The z-onstitution of i)araleucanilino is indicated by 
the formation of triidienylmothane through (dimination of its amino- 
groups by diazotization. Inversz'ly, paraleucaniline can l)c obtained bj*^ 
the nitration of triphenylnu'thane, and subsezpicnt rciduction of the 
trinit ro-dei‘ivati\'e. Paraleucaniliru! is converted by oxidation into 
triaminotriphenykarbinol, and like malachite-green, that substance 
foiins the dj'c'stuft* by elimination of water under the influence of acids: 

x’ori4NH2 x:oir4NH2 

(:^(V,Il4NH2 -H 20 = C^('oI 14 X 112 

I \( ;oH 4NH2,UCI V:6ll4 : NH 2 • Cl 

Oil 

Another important dyestuff related to triphenylmethane is rosaniline. 
Its preparation is effected similarly by oxidizing a mixture in equi- 
molecular proportions of aniline, o-toluidinc, and p-toluidine with 
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arsenic acid, mercuric nitrate, or nitrobenzene. In this road ion the 
methane o.arl)on atom is oJ>tain(?d from 2^-toluidine in accordance with 
the equation 

NHa •C6ii4* cn3+C6H4(cn3)Nn2+Con5 • ntt2+ 

2)-Toluidine o-Toluicline 

+30=2H2J+H0- 

Colour-basft Magenta 

The chloride forniod from th(‘ rosaniliiK? colour-bast; In”^ combiiialion 
with one equivalent of h^'di’ogen chloride and elimination of one mole- 
cule of water is termed magenta. This substance forms beautiful gi’een 
cr^'stals of metallic lusti-e, j’ielding with water a solution of an intense 
deep-red colour. 

The colour of the magenta solution is due to the unival(;nt cation, 
(C20H20N3)', such solutions bt'ing ioTiized almost completely, as is 
indicated by the slight increase in their molecular conductivity caused 
by further dilution. In addition, the solutions of all the magc'iita salts, 
such as the chloride, the bromide, and the sulphate, exhibit the same 
absorption-spc(!trum for solutions of CHiuimolecular concentration, a 
token of the presence of a constituent common to all of them, the cation. 

The suits with three ecgjivulents of acid are yellow, the red univalent 
cation having been converted into the yellow b'rvalent catifui, foi solution 
of magenta in excess of hydrochh)ric acid yields a nearly colourless solu- 
tion. I'hese salts are hydrolyzed very readily, the red colour reapi)earing 
as the acid solution is poured into a groat excess of water. 

Many derivatives of pararosaniline and rosanilinc with the hydrogen 
atoms of the amino-group replaced by alkyl-radicals are known, and 
each of them is a dyestuff. The violet colour becomes deeper with 
increase in the number of methyl-groups (341). Pcntamclhglpararosani- 
line has the trade-name “ methyl-violet.” Replacement by phen\ l of 
one h3’drogen atom in each of the amino-groups of rosanilhie forms a 
blue dj’^estuff termed “ aniline-blue.” 

Methyl-vi<del is obtaine<l by the «»xidation of diniethjdaniline with iK)tas- 
siuni chh>rate and cupric chloride, the methane carbon atom being derived 
from one of the methyl-groups. 

Aniline-i>lm or triphenylrosanUine hydrochloride i.s formed by heating 
rosanilhie with aniline and a weak acid such as benzoic acid, the amino- 
groups in the rosaniline being replaced by anilino-grouiis, and the liberated 
ammonia combining with the acid. This process is analogous to the forma- 
tion of diphenylamino from aniline hydrochloride and a nilin e (298). 


c„Ti,<cn^^ 

C^\5ll4NH 

XJcn4NIl2 


C^’«Il4NIT2 • 
XV,Fl4:NH2-Cl 
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Dyestuffs formed from liydroxyl-derivativcs of triphenylmcthano 
are known also, hiif the iUff}<‘uIty of fixing them I’cndci's them much less 
valuable than those dvsrrihod. Rofiolic acid, 


f. rj ^CHs 

CeIl3<Qjj 

C^^elUOH ' 

^CgH4==0 


obtained from rosanilinc by diazotization, is an example of such dye- 
stuffs. 

Malachite-green and the pararosaniline aial rosaniline dyestuffs 
colour wool and silk directly, and calico after mordanting (374). 

The phthaleins (348) also are dyestuffs related to triphenylmcthane. 


Rk^a'iiox of (’olouk to CoNS'I'ITUTION. 

374. The colour exhibited bj' a grt'at vari(‘ty of compounds is condi- 
tioned first of all by the atoms constituting the molecule. The alkali- 
metal salts of colourless acids are colourless also, copper salts are blue 
or green, and ferric salts arc j'cllowish-red. Chloroform is colourless, 
iodoform is yellow, and so on. 

Colour also is associated closely with the structure of the molecules, 
one isomcride often being colourless, and another intensely coloured. 
Owing to the great technical importance of dyestuffs, numerous 
researches on the relation between colour and constitution have been 
undtTtakcn with the object of ascertaining the directions most likely 
to lead to success in the search for new dyestuffs. The goal of being 
able to predict from its structaire whether an unsynthesized compound 
would be (;olom‘ed, and what t.hc colom’ would be, is still far from 
attainment. Although many rules have been established for specific 
classes of related compounds, only that of Witt, discussed later, pos- 
sesses the character of a gcaieral law. 

Substitution of the hydrogem atoms of a coloured substance by other 
atoms or groups may be attended by a deepening of the colour; that is 
by a displacement towards the violet region of the spectrum or hatho- 
chromic effect. In the reverse transformation the colour becomes 
lighter, the effect being termed hypmchromic. This phenomenon is 
quite distinct from the intensity of a colour; the preparation of a solu- 
tion of given intensity from each of two substances of similar colour 
may require a much greater proportion of one than of the other. 


Colour change is a.ssociate(l with displacement of the absorption- 
bands in the spectrum, deepening of the colour being due to displacement 
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towards the red end. When the transposition is so great as to bring the 
absorption-bands into the infra-red region, the absoqition-bands originally 
located in the ultraviolet p<jrtion inay be transposed to the visible part of 
the spectrum, a hypsochromic effect being induced with the development 
of what is termed a “Colour of the second order.” This phenomenon fur- 
nishes an explanation of the apparently abnormal lightening of the colour 
through the introduction of new chromophores into a compound. 

As long ago as the year 1868 Guakbb and Likbkrmann note<l the 
invariable unsaturation of coloured compounds, and the disappearance 
of the colour as the re.sult of saturation. In contrast to this observa- 
tion is the existence of many colourless unsjitumted compounds. The 
theory promulgated by Witt in 1876 affords a better insight into the 
problem. Hydrocarbons normally colourless become coloured on the 
introduction into thorn of certain gr*oups such as the azo-group 
— N=N — , although sometimes the colour is only faint. He named 
.such groups chromophores. When a second group of acidic or basic 
character is introduced into the molecule, the colour is developed, such 
groups being termed auxorhromes. Nitrobenzene contains the chromo- 
phoric nitro-group, but has only a pale-yellow colour. Introduction of 
the auxochromic amino-group yields one of the deep-yellow nitro- 
anilines. 

An auxochrome can exert a bathochromic effect or a hypsochromic 
effect; but in addition this type of group often exhibits another influ- 
ence of great importance in technical practice, the conversion of a 
coloured substance into a dyestujf. C^^ompounds of this class have the 
property of dyeing animal fibres such as wool and silk, or vegetable 
fibres such as cotton and linen, so that the colour is too fast to admit of 
removal by washing t*ither with water alone or in conjunction with soap. 
Auxochromes are therefore also tinctophores. 

It is desirable to draw attention to certain points resiwcting the pro- 
cess of dyeing. It is often sufficient to imnierse the silk, wool, or cotton 
in a solution of the dycistuff. Although initially dissolved in \vat(‘r, the 
dye cannot be removed after dyeing by washing the fabric. Various theories 
in explanation of this pheiiornenon have been suggested. In some instances 
the dyestuff forms a solid solution with the fabric (“Inorganic Chemistry,” 
262 ), becoming distributed between the water and the material as between 
two immiscible substances, and an equilibrium being attained. With other 
types of dyeing adsorption comes into play. 

When immersed in a solution of a dyestuff, a fabric does not necessarily 
become coloured. It is then iinjKjrative for the material to undergo a pro- 
cess termed “Mordanting,” a substance being deposited in it to “ Fix” 
the dyestuff, since it is incapable of uniting with the fibres directly. Tliese 
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compounds arc termed “Mordants/^ and normally arc salts of weak bases 
or of acids. Examples are aluminium acetate, ferric salts, and tin com- 
pounds such as “l^ink salt,” SnCl4,2NIl4Cl. The woven material is 
soaked thorounfhly in a solution of one of these salts, and after complete 
penetration is expos(»d to the action of steam at a hi^2;h temperature. The 
salt under^^of's li^^drolytic dissociation, and the base or acid, such as alumin- 
ium hydroxi(I(‘ or stannic acid, is dt'posited in a fine state of division on 
th(' fabrics 'Fhe d\"estuff unites with this base or aciid, forming an insoluble, 
coloured compound not nanovable by washing. Direct dyestuffs are those 
cajKible of dycang the fabric without preliminary mordanting. 

WKitNKK demonstra.t(‘d the constitution of a great number of mor- 
dant dyestuffs to be charactc'rized by tin' possession of a salt-forming grou]), 
and also l)y the ]m»s(*nc(» (»f a second group capable of uniting with the 
secondary valencies (“Inorganic Chemistry,” 330) of the metallic atom 
of the mordant. These' secondary valem^ies are so situated as to facilitate 
the formation of an imu'r metallic complex salt with a structure similar 
to (hat assumed ha* the cop]K*r salt of gh'cine, and are denoted in the for- 
mula by dotted lines: 

CII.— XH..., xNHa— (."H2 
Cu 

CO ()/^\d CO 


Tlte formation of a ring dpiiotos tln' .serondary valcncios to bo subject to 
tlie ojK'iation of (ho same laws us th<> primary valencies, and intlicatoH 
<lyes(ufTs rofiuiring a monlant for fixation normally to have such a eonsli- 
(ufion as will cnal)l<' the metallic atom to take its jdace in a ring of five or 
six members. 

Th<‘ auxocliroriK's iiielu<l(' tlio hydroxyl-group, OTT; the amino- 
group, XHa; the oai'boxyl-group, COCII; the sulpho-group, SO3II; 
and oth('r groups. Among tljo chromophorcs are the nitro-grouj< 
NO2; the azo-group, --X==N — ; the nitroso-group, NO; and the 

(luinonoid-group, =<^ So many coloured substances contain 

the quinonoid-group as to have engendered a belief in its presence 
in all such compounds. Numerous examples of the formation of col- 
oured bodic'S through the transformation of benzene derivatives into 
quinonoid forms actually have been observed. One already cited (337) 
is the formation of salts by nitrophenol. Another is the conversion of 
colourless phcnophtluilein into its red metallic derivativ<?s (348). In 
its eolourlo.ss condition this indicator is a lactone of the formula 


C(06ll40H)2 
OoH4<^ )>0 
^CO 


7 
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but its red salts contain a carboxyl-group and a quinonoid-group, and 
correspond with the formula 

^C,.H4=0 

^COOAf 

M representing a univalent metallic atom. On liberation by acids, 
phenolphthalcin instantly assunu's the c»)lourless lactone form. Th(‘ 
pseudo&cids behave similarly, but the transformation is much less rapid. 

The remarkably intense; colour of the rosanilitios cannot be; ascribed 
niere'ly te) the pre'sene-e' of a eiuinone)iel-gre>up, but eiepemds on the 
c,e)-existenee in a single' mejle'cule e)f bolh a quinonejid-gre)up anel 
unchange'd beiize'ne'-nuclei. Quinhydrone (338) furnishes an analo- 
gous e'xamjile. Quine)l is coleniiless, and ejui7)e)ne; is yellow; but eiuin- 
hydrone, coinpew;d from a molecule of eae-h, has a very intense dark 
colour. 

The fonriatie)n of colour is not cause;d always by the development of 
a eiuinonoid-fe)rm, as was ne>ted by ve^x Bakykr. The d(;eply colemred 
salts of trianisyle;arbine)l, (('ll30*CoH.i)aC*()Tl, and e)f similar com- 
pounds, certainly lack the epiinonokl charae'ter. The oxidanatiem of 
this type of e;olour formation is pre)bably to be se)ught in still obscure 
alterations in the positions of the ate)nis in the mole'e'ulc'S. The phe- 
nomenon is termed halochromy. 

Triphenylmethyl and Other Compounds with Free Linkings. 

375. Gombekg investigated the action of zinc on a benzene solu- 
tion of Iripfwnylchloromclhanc. lie noted the separation of zinc 
chloride, and the presence in the solution of a compound precijiitated 
by the addition of acetone or of eth^d formate. lie regard<'d this 
compound as triphcjiylmethyl, (CoUrdaC — , with one fr<'(' valency. Its 
pow<;r of forming addition-proilucts is remarkable. It is oxidizetl 
instantaneously by atmospheric oxygen to a peroxide, 

(C6H5)3C— O— O— C(C«n.-.)3. 

It decolorizes iodine solution immediatc'ly, forming^ triphenylmethyl 
iodide. With ether and many other compounds it yields addition- 
products. 

A close investigation of triphenylmethyl revealed the existence of 
two forms, one being colourless and the other yellow. The solid 
colourless hydrocarbon is converted by solution into the yellow isom- 
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oride, the only highly reactive form. In solution the two modifications 
attain an equilibrium dependent on the temperature and on the nature 
of the solvent. As the molecular weight indicated by the cryoscopic 
method corresponds with nearly twice the empirical formula, the equi- 
librium 


2(Cr,H.r.).C C(Cf,H5)3 

Tripht'iiylinothyl Hoxaphenylethane 


requires the presence of a small percentage only of the yellow modi- 
fication. 

The colourless form consists of hexaphenylethiine, and the yellow isora- 
eride of tnphenylinethyl. In tridiphenybnethyl, (CoHs-C •oH 4 ) 3 C, the 
unirnolecular fonn piedominates stnmgly, the solution having an intense 
violet colour. These' compounds recall the parallel instance of nitro- 
gen peroxide, knowm in a colourle.ss form, N^O.j, and in a yellowish- 
brown modification, NOj. Like triphenylmeihyl, the simpler form of 
nitrogen pero.xide is characterized by its abnormal condition of unsat- 
uration. 

Some examples of hexaphenylcthane derivatives lacking any direct 
relationship between the concentration of the unirnolecular form in solu- 
tion and the colour are known. For solutions of fyis-2: 5-dimelhoxy- 
hexaphenyletkane, 


(CH30)3CoIl3- (CoH5)2C. C(CoH5)2- CoH3(OCH3)2, 


cryoscopic measurements have indicated the concentration of the uni- 
molecular form at the freezing-point of p-dichlorobenzeno, to be 
only a few units per cent, more than at 5*8°, the freezing-point of nitro- 
benzene; although the colour-inl,ensity of- the solutions at 5.‘1“ is several 
times as strong as at 5-8°. When a solution of such a hexaphenylcthane 
derivative is diluted at constant temperature, the colour-intensity simil- 
arly increases much more rapidly than the dissociation. 

In such iixstanccs Gombkug has assumed the colour to be due to the 
presence of a quinonoid form, there being in solution an equilibrium 
between two isornerides: 


H 


(CoH6)2(CH30)2CoH3 • C (CH30)2CoH3 • . 

CoHfi 


Besides this equilibrium, the unirnolecular form is also in equilibrium 
with the bimolccular form. 
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The discovery of a compound with a free carbon valency by this research 
was followed by that of a number of other compounds of similar character. 
Contact with potassium develops a very intense colour in an ethereal 
solution of an aromatic ketone such as benzophenone, the change prob- 
ably being occasioned by the formation of a compound of the formula 


Rv ^OK 

. The unchanged boiling-point of the liquid after complete 

R'^ ^ 


solution of the potassium indicates the presence of the same number of 
molecules, and is an argument against the double formula. Such com- 
pounds also arc oxidized instantly by contact with air. 

Compounds containing a Invalent nitrogen atom with a free valency 
havc^ b(?en i)re]jarcd also. Oxidation of diphenylaniinc yields tetraphenyU 
hydrazine: 


C«1Igx Cell- /Cells 

>XH+0+IIX<; =H.O+ ^N— N< 

C,M/ ^CeHs Cells^ ^CeHs 


At 90° the solution of this c.ompound in toluene dissociates, although only 

CfiH 

to a slight extent. TIk' free', diyhenylniirogen^ ^X — , is much less 

CgHg^ 

stable than triplicnylniethyl. Its hot solution combines quantitatively 
wdth nitric oxide to form dipbenybiitrosoaminVy and with triphenylmethyl 
it yields a compound of the* formula (C«IIr,)sC — XCCellOa* 

lake triplninylmethyl, tlie free compounds RaX — arc intensely coloured. 
The solution of tetra-anisylhydraziney 


(CHaO-CeHOaX— N(CoIl4-OCH3)2, 


illustrates this characteristic. At the ordinary temperature it is almost 
colourless; on warming, it becomes deep green; on cooling, the colour 
vanishes. 

According to the law of Rekk, solutions containing the same quantity 
of colouring matt(>r in different amounts of tin; solvent exhibit the same 
light absorption when the thickness of the licjuid layer is inversely pro- 
portional to the concentration, for und(jr these conditions the light in 
transit encounters the same number of molecules of colouring matter. For 
dissociated substances the law does not hold, as the degree of dissociation 
varies with the dilution. On this fact is based a method of measuring the 
extent of dissociation. Its application to tetra-anisylhydrazine proved a 
0*05 per cent, solution in benzene to be 3-2 times as much dissociated as 
a 0-3 per cent, solution in the same solvent. 

B,s^Diphenylhydrazine reacts with picryl chloride to form 1 : l^iphenyb2- 
trinitrophenylhydrazvne (I): 



502 


BENZENE-NUCIJFJI IN INDIRECT UNION 


[§376 


S*{J‘>N-NIL+C1-C„H5(N02), 

v^clla L'6rl5 

I. 

L/filla j 

II. 


When 1 : l-diphc'nyI-2-trinitroi)lioiiylh3’'cIrazinc is oxidized with lead 
j)f?roxid(', the of the' Nll^group is abstracted, with formation of 

l:l~(liphenyl'‘ 2 --triniirophe}njlhydr(izyl (II), a substance not exhibiting any 
tendency to uiiitt* with itself. It consists of dark-violet crystals like those 
of i)otassiuni ])erinangaiiate; and whilst tetraphenyl hydrazine undergoes 
but slight dissociation, this substance furnish(‘s an example of a compound 
only obtained in its uiiimolecular form. 


Dibenzyl and its Derivatives. 

376. Dihenzyl, can be obtained by the action 

of sodium on benzyl chlorides: 

CoH.5 • CH 2 1 CiTnTi^ + n ^ CUj • (^r>Il5 - Calls • CH 2 • CII. • Con5+2NaC M. 

This method of formation indicates it to be symmetrical diphenylelhane. 
It melts at 52°. 

Symmetrical diphenylethylene, C«II&-CH:(^H- Cells, melts at 125 °, and 
is termed stilbene. It can b(^ obtained by various methods, one being the 
decom})osition by heat of an aepK^ous solution of j>henylsodioiiitromethan(' 
into stilbene and sodium nitrite : 

2C«Il5-CII:N()-ONa = C6H6-CH:CII-C6H,+2NaN02. 

With bromine stilbene forms an addition-jiroduct convertible into 
tolan, CeHs^C^lC-CcHs, by elimination from each molecule of two mole- 
cules of hydrogem bromide. Tolan can be recon v(^rted into stilbene by 
gentle n^duction. 

p-Diaminoslilbene, XIl2*C6H4-CH:CII*Cr.H4-NH2, can be obtained by 
the interaction of y;-nitrobenzyl chloride, CIH2(v'C6H4*N02, and alcoholic 
potassium hydroxide*, wMth subsequent reduction of the \i~dinitrostilbene. 
It is emplo3"ed as a basis for tlie preparation of certain dyestuffs. 

Derivatives of dibenzyl are produced by the condensation of benzal- 
dehyde in presence of potassium cyanide, benzoin being formed in 
accordance with the equation 

CeHsCg ^ ^C.CeHe^CeHs.CO.CHOH.CoHB. 


Benzoin 
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It has the character of a keto-alcohol, adding two hydrogen atoms to 
form the dihydric alcohol hydrobemoin, CoHs-CHOH-CHOH'CeHs. 
Its oxidation gives the diketone benzil, CoHs-CO-CO-CoHs. Benzoin 
contains the group — (vHOII-CO — present in the carbohydrates (203). 
It possesst^s also characteristic carbohydrate properties, reducing an 
alkaline copper solution, and yielding an usazone. 

Benzil is a yellow crystalline substance. As a diketone it unites 
with two molecules of hydroxylamine to form a dioxime. 

Heating with alcoholic potassium hydroxide causes benzil to combine 
with one molecule of water, and to undergo an intramolecular trans- 
formation to benzilic acid, a reaction analogous to the formation of 
pinacolin from pinacol (150): 


CoHr, • CO • CO • C6H5+II2O = 


CcH.r, 

CgH., 


>C< 


OH 

COOH. 


Benzilic acid 



CONDENSED BENZENE-NUCLEI. 


377 . Condensed-ring compounds contain two or more closed chains, 
with carbon atoms common to each. Such substances are present in 
the higher-boiling fractions of coal-tar ( 283 ). Next to the phenols, 
naphthalene is the principal constituent of the second fraction or carbolic 
oil, and of the third fraction or creosote-oil. The anthracene-oil con- 
tains anthracene, phenanthrene, and other hydrocarbons. These three 
compounds and some of their derivatives will be described. 

I. NAPHTHALENE, CioH*. 

Naphthalene is present in (tonsidejable proportion in coal-tar, and 
is obtaiiK'd from it readily in the pure state. Cooling i)recipitates 
crude crystals of naidithalene from the fracition distilling between 170° 
and 230°. Part of tlu; liquid impurities are expressed, the remainder 
being eliminated by conversion into non-volatile sulphonic acads 
through warming the crude jnoduct with small proportions of con- 
centrated sulphuric acid, and distilling with steam or subliming. 'I'lic 
product is pure naphthalene. 

Naphthalene crystallizes in shining plates, melting at 80°, and 
boiling at 218°. It is insoluble in water, but soluble readily in hot 
alcohol and ether, and to a very small extent in cold alcohol. It has a 
characteristic odour, and is very volatile. It is present always in coal- 
gas, the illuminating power of <hc fish-tail burner being dependc'iit 
mainly on its presence. It is employed extensivcily in the manufacture 
of dyestuffs. 

The formation of naphthalene by the passage of the vapours of 
many compounds through a r(‘d-hot tube is a process somewhat similar 
to that in the retorts of tlu; gas-works ( 283 ), and explains its occurrence 
in coal-tar. 

The constitution of naphthalene is indicated in 355 to be 

H H 

H H 

a view confirmed by two syntheses. 
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1 . o-Xylylene brf)niide is converted by tetraethyl disodioethanetctra- 
carboxylate into Ictniethyl hydronaphihalenetetracarhoxijlnle ; 

/CIIjBr NaC(COOC,Hi)2 /CIIs— <XCOOCJIr.)2 

C«H4< + 1 I 

XJII^Br NaC(COOC2H,)2 XJH*— (XCOOCjHo 

o-Xylylene bromide 


0)2 


Saponification of this compound expels from each molecule two molecules 
of carbon di(^xide^ lorming hydronnphthahricAlicarboxylic acid: 



CH..— CH-COOH 

I 

CH 2 — C]H-COOH 


The silver salt of this acid gives up two molecules of carbon dioxide and 
two atoms of hydrogen roa<lily, yielding naphthalene. 

2. Heating plienylvinylacetic acid converts it into OL-naphthol^ a 
hydroxy-derivative of naphthalene* 


H 

H 


H CH 

I l„ I 


CH 

CH 2 


-II 2 O 


II OC 

no 


Plienylvinylacetic acid 



OH 


o-Napnthol 




76. — ThIE^k’s NAPIITirAbENE- 
FORMULA. 


Fig. 77. — Simple Naphtiiale.ve- 

PORMITLA. 


Naphthalene has all the characteristics of an aromatic hydro- 
carbon. With nitric acid it yields a nitro-derivativc ; with sulphuric 
acid a Sulphonic acid; its hydroxyl-derivatives have the phenolic 
character; the amino-compounds undergo the diazo-reaction; and 
so on. 


For naphthalene, as for benzene ( 287 ), no formula indicating its 
internal structure and satisfactorily accounting for its properties has been 
proposed. 

Thiele suggested formula I (Fig. 76), with inactive double bonds 
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( 287 ), and of tlioKC proposal it scc*ms to give the l^est expression to the 
properties of na]>htiiuli‘ne. The identity of the fonnuin representing most 
accurately the internal structure of the naphthalene molecule is of no 
imictical importance, for although the simple scheme II (Fig. 77) leaves 
the problem unsolved, it accounts fully for the isomerism of the deriva- 
tives of naphthalene. 

As with benzene, partial hydrogenation of naphthalene changes its 
characteristic aromatic character, naphthalene dihydride, CioHm, add- 
ing bromine as readily as compounds with dr)ublc bonds. 

378. Naphthalene yields many more substitution-products than 
benzene, the number obtained corresponding with those theoretically 
possible for a compound with the formula in 377. This fact supports 
the adoption of the constitution indicated. 

A compound of the formula 


H H 



II H 


must yield two isomeric monosul)stitution-products. Substitution 
can be at a carbon atom in direct union with one of the two carbon 
atoms common to both rings (1, 4, 5, or 8), or at one of the otlu'r 
similar carbon atoms (2, 3, (>, or 7). Two series of monosubstitution- 
products are known, those with the hydrogen at 1, 4, 5, or 8 replaced 
being denoted as a-derivatives, and those with hydrogen substituted 
at 2, 3, 6, or 7 being termed ^-derivatives. 

A gi’eat number of disub.stitulion-produ(!ts is possible. For two 
similar substituents it is ten, and for two dissimilar substituents four- 
teen. Many of them have been prepared. The ten isomeridcs ana 
distinguished by the numbers 

1:2, 1:3, 1:4, 1:5, 1:0, 1:7, 1:8, 2:3, 2:0, 2:7. 

In any other arrangement the grouping is idtmtical with one of these 
pairs of positions, exemplified by the equivalence of 2:. 5 and 1:6, and of 
3:6 and 2:7. For three similar sul>stitucnts the number of possibh; 
isomerides is much greater, and still greater for three dissimilar substil u- 
ents. The disubstitution-products with the substituents in the same 
ring are termed ortho, meta, and para. Wlien they are in different 
rings, the derivatives usually are distinguished by numbers, or some- 
times by letters, a compound 4:5 also being denoted as aa!, and one 
3:6 as /3j8'. The positions 1:8 and 4:5 arc named also the pm-posi- 
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tions, and in certain respects resemble the or/Ao-positions, i>en~naph- 
tkalenedicarboxylic acid, 



COOH 

coon’ 


recalling o-phthalic ac 'd in its ability to form an anhydride. 

The great number of isomcrides somedimes rt'nders the orientation 
of naphthalene derivatives difficult, and the positions of the substitu- 
ents in many compounds ai'e still uncertain, d'he method of orienta- 
tion employ(‘d is similar to that for the benzene derivatives, involving 
the conversion of compounds with side-chains in unknown p)ositions 
into others with sulnstituents in ascertained positions. 

Oxidation is another important aid in their orientation, being 
(unployed to determine whether the substituents arc attached to the 
same ring, or to different rings, and to identity their relative positions. 
The procedure is exemplified by the determination of the positions of 
the nitro-groups in a dinitronaphthalene. If it yield phthalic acid by 
oxidation, the two nitro-groups must be in union with the same ring, 
that reiiioved by the oxidation. The formation of a dinitrophthalic 
acid indicates the two nitro-groups to be united with the same ring, 
and the orientation of these groups in this acid should indicate their 
relative positions in the naphthalene derivative. Oxidation to mono- 
nitrophthalic acids d<*nu)nst rates the presence of one nitro-group in 
each ring, and orientation of the luononitropbthalic acids will determine 
the position of either of the nitro-groups. 


Substitution-products. 

379. The homologues of naphthalene, such as the methyl-deriva- 
tives and ethyl-derivatives are unimportant. They can be prepared 
by the WuiiTZ-FrrrJC method, or by that of IitiEnKL and Ckafts (284, 
1 and 2). 

a-Melhylnaphlhalcnc is a liquid boiling at 24()°-242®; ff-methylnaph- 
thakne is a solid melting at 32°. Both an* present in coal-tar. Their 
oxidation yields a-naphthoic acid and (i-naphthnic acid, derivatives resem- 
bling lienzoic acid in their projierties. The naphthoic acids are converted 
into naphthalene bj' distillation with lime. 

a-Chloronaphthalene is formed by the action of chlorine on boiling 
naphthalene, and a-bromonaphtbalene by employing bromine similarly. 
Although their halogen atom is not attached so firmly as that in mono- 
chlorobenzene or in monobromobcnzenc (289), they arc not decomposed 
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by boiling with alkalis. A similar stability characterizes the correspond- 
ing iS-compounds. They are not obtained by the direct action of halo- 
gens on naphthalene, but can be prepared frona other /3-compounds, 
such as amino-derivatives and sulpho-derivatives, by the methods 
described for benzene (292 and 307, 4). 

The product obtained bj"^ the action of concentrated nitric acid on 
naphthalene is very important for the orientation of the naphthalene 
derivative.s. Jt is a-?i tlromiphtfuilene, melting at 61“, and is proved to 
belong to the a-series by its conversion into a naphthol identical with 
that obtained from plienylvinylacetic acid (377). 

The position of the substituents in a great number of monosubsti- 
tution-products can be determined from a knowh^dge of that of the 
nitro-group in this nitronaphlhalene, for the nitro-group can be reduced 
to an amino-group replaceable by numerous atoms or gi’oups through 
the diazo-rc'action. A monosubstituted naphthalene being known to 
be an a-compound, its isomcride must belong to the /3-series. 

a-Nitronaphthalenc is a yellow, crystalline compoxmd, and melts 
at 61°. The corresponding /3-compound is sirtiilar, and molts at 79°. 
It is obtained by diazotizing 2-nilro-a-naphthylmmne. 

Heating naphthalene with concentrated sulphuric acid at a tempera- 
ture not exceeding 80° forms mainly a-naphlhalenemonoml phonic acid. 
At 160° the /3-acid is the principal product, owing to the conversion of 
the a-compound into its /8-isomcridc. Each is crystalline and very 
hygroscopic. 

Fusion Avith sodium hydroxide or potassium hydroxide convcrls 
the naphthalencsulphonic acids into naphthols, Ci()H7-On, with proper- 
ties very similar to those of phenol. They are present in coal-tar. 
a-Naphthol melts at 95°, and boils at 282°; ^-naphihol medts at 122° 
and boils at 288°. The hydroxyl-group in these cornixoxmds can bo 
replaced much more readily than that in phenol. They dissolve in 
alkalis. With ferric chloride a-naphthol yields a flocculent violet 
precipitate; /3-naphthol gives a green coloration, and a precipitate of 
0-dinaphthol, HO'CioHc’CicHe'OH. The violet precipitate obtained 
with a-naphthol is possibly an iron derivative of a-dinaphthol. Its 
formation furnishes a test for contamination of the /S-compound by its 
a-isomcride. 

a-Naphthylamine and ^-naphthylamine, CioH7*NH2, can be obtained 
by the reduction of the corresponding nitro-dcrivatives, but usually 
arc prepared by heating the corresponding naphthol with the ammonia 
compound of zinc chloride or of calcium chloride. a-Naphthylamine 
is a solid and' is formed also by heating naphthalene with sodamide, 
NH2Na, above 200°, hydrogen being evolved. It melts at 50°, and 
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has a fffical-like odour; /S-naphthylamine melts at 112®, and is 
nearly odourless. A mode of distinguishing between the isomeridcs 
is afforded by the blue precipitate with ferric chloride and other oxi- 
dizers given by the salts of the a-compound, but not by those of the 
jS-compound. 

These bases are of technical importance, the dyestuffs of the congo- 
group and the bemoinirpurim being derived from them, and possessing the 
important property of dyeing unmonlanfed cotton. 

Congo-red is formed by diazotizing benzidine, and bringing the product 
into contact with a sulplu)nic acid of naphthylamine. The dyestuff is the 
sodium salt of the acid formed: 


ILN.C«H4— C.H4-NH2 

Benzidine 


Cl • Nj • C0H4— C«H4 • N, • C 1 -I- 2 C .„H« 

II2 


BonzidiiiodiazoniTim chloride 


1: 4-Naphthylamiiiesul- 
phonic acid 


^ ‘h!n ^ ^ ‘ ^ ‘ 4 • C6H4 • N : N . C loH 6 < ’ 

Congo-red 


The acid itself, is blue. 

'Die Ijenzopurinirins <liffer from congo-red only in having a methjd- 
group attached to each benzene-nucleus of the benzidine-group. 

380. Among the polysubstituted naphthalene derivatives is 2:4- 
dinitro-a-naphthol, obtained by the action of nitric acid on the mono- 
sulphonic acid or disulphonic acid of a-naphthol. Its sodium salt is 
Mabtius’s yellow, and dyes wool and silk directly a golden yellow. 
Nitration of a-naphtholtrisulphonic acid yields dinitronaphtholsul- 
phonic acid, ils potassium salt being naphthol-yellow. It resists the 
action of light better than IMabtjps’s yellow. 

Naphthionic add is one of the longest-known naphthalene deriva- 
tives. It is 1 : 4 -naphthylaniinemd phonic add, 


SO3H 



NH2 


and is produced by the interaction of a-naphthylamine and sulphuric 
acid. It is crystalline, and is only slightly soluble in water. It is 
manufactured for the preparation of congo-red and other dyestuffs. 
Solutions of its salts display an intense reddish-blue fluorescence. 
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Three quinones of naphthalene arc known : 
O O 


O 







\/ x/x/- 

• • 

O 


:0; O; 



;() 


X^X^ 

arnjifn 



XX 


o 

Bcnxoiiuiiioiie 


a-N(iphthaqui none, (''loIhiOj, is formed by the oxidation of many 
a-derivatives, and of some di-tlerivafives, of naphthalciK'. Usually it 
is prepared fi-om naplillialene by oxidation with a boiling solution of 
chromic acid in glacial acetic acid, a method of formation without 
pai’allel among those for the preparation of the corresponding benzene 
dc'rivatives. It crystalliz('s from alcohol in deep-yellow needles melt- 
ing at 125°. Oxidation conv(‘rts it into phthalie acid, indicating both 
oxygen atoms to be attached to the same ring. With hydroxylarniia^ 
it yields an oxime. A knowledge of the structure of a-naphthaquinone 
facilitates the determination of that of other di-dcrivatives. If oxida- 
tion yield this (piinoiK' by elimination of (he substituents, they must bo 
1 ;4-derivatives. 

^-Naphlhnquinone, CioIIoOa, is formed by oxidation of l:2-amino- 
naphthol. 

ami'An-Xophlhiupiinone, or 2’.iS-naphlhaquinone, is obtained liy 
oxidation of a benzene .solution of the coi-n'sponding dihydroxynaph- 
thalone with h'ad peroxide'. 

The structural forniuUe indicate only the owp/t/-i.someridc to have 
its (!arbon 3 'l-groups placed relativc'ly to the double' bonds like those in 
bcnzociuinone, and these two quinones are veiy similar in chemical 
character. Each oxidizes instantly a cold dilute solution of hydrogen 
iodiele, turns ferrous ferrocyanide blue, and oxidizes sulphurous acid. 
«-Napht.haquinone exhibits none of these characteristics, but resembles 
benzoeiuinone in odour and volatility. jS-Naphthaquinone docs not 
oxidize dilute hydi'ogen iodide, but turns ferrous ferrocyanide blue, 
and oxidizes sulfihurous acid. Like the ain/iAi-derivative, it is non- 
volatile;, and therefore odourless. Each of the naphthaquinoncs has a 
red colour. 


Addition-products. 

381 . Naphthalene and its derivatives jdeld addition-products some- 
what more readily than the benzene derivatives. 

All the intermediate h\'dr()geriation-f)r(Mliicts of naphthalene from 
dihydronaphthaleru}, CtoHio, to dccahydronaphthalene, Ciollis, arc known. 
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each nicinlKsr having two hydrogen atoms more than its immediate pre- 
d<*cessor. Tlic first-named is obtained by tlio action of sodium and alcohol 
on naphthalene. Oxidation c<jnv(!rts it into o-phrtiylrnediardic acid: 

H H H II, 

II|^N(^\lI .-'^|CTI,*(:OOII 

II II H IT, 

Nuplilhalcnc Dihyciridc w-PIifiiylt’iiodiiioc*t»c* a<*id 

Assuming the formula given to roprosont naphtlialciie, I lie hydrogen is 
added to the conjugated double bond at the positions 1 r4. 

Tetrahydronaphthalene boils at 206®. It and deeahydronaphthaleno 
are manufactured by the hydrogenation of naphthalene with hydrogen 
at a pressure between ten and fifteen atniosphen's in presence of finely- 
divided nickel as a catalyst. They have tlie trade-names “ Tetralin ” 
and Dekalin/^ and are valuable solvents. They also find application 
as motor-fuels and as turpeirtino-substitutes. 

Two isomeric modifications of deeahydronaphthaleno arc present in 
the crude hydrogenation-product; they can be s(*parated by fractional 

distillation. The r?.s’-form boils at and its (haisity is 1 > 4 -° = 0*898; 

the corresponding constants for the /m/^v-form are ISo® and 0*872. These 
two compounds arc stcTc^oisoinerides. Adopting ]\Iohk’s method (278) 
for constructing models with s( rainless rings not having the carbon atoms 
of each c/yc/olu'xane ring situaU'd in the* same jdane, two spacial models are 
found to 1)0 i^ossilde. In the model of the rz.s-form the two hydrogen atoms 
attached to the common carbon atoms 4 and 5 lie in th(' saiiu* spacial seg- 
ment; in that of the ;ra/? 5 -form these hydrogen atoms are situated in differ- 
ent segments. Tlie relative position of the two c//r/ehexane rings formed 
by carl)on atoms 1 to G and o, 4, 7, 8 , 9, and 10 is different in the two con- 
figurations. 

Formula^ I and II giv’^e a gra]>hical representation of these two forms. 
In Fig. 78 the two models are shown in ])erspectiv(% the bond bet>veen the 
carbon atoms 4 and 5 common to both rings being denoted by a thick line: 




I. cia 


11. trana 
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CIS trans 

Fia. 78. — Isomerism op Decahydronaphthaeene. 


Reduction with sodium and boiling amyl alcohol transforms 
/ 3 -naphlhylamine into a tetrahydride, Ci(;Hii*NH2, a compound with 
most of the iiroperlies characteristic of the aliphatic amines. It is 
strongl3’’ alkaline, absorbs carbon dioxide from the air, has an ammoni- 
acal odour, and cannot bo diazotizod. Eaph of the four h^'drogon atoms 
is in union with the same ring as the amino-group, 


H Ha . 


11 

H 



II Ha 


for oxidation with potassium permanganate converts the compound 
into the o-<!arboxylic acid of dihydrocinnamic acid. 


CoIT4< 


CHa-CHa-COOH 

COOH 


a derivative necessarily formed by oxidation at the carbon atom in 
union with the amino-group from a tetraliydride with the structure 
indicated. Moreover, the hydrogen addition-protluct docs not absorb 
bromine, additional evidence of the union of the fom hydrogen atoms 
with the same benzene-nucleus. The entrance of two hydrogen atoms 
into each ring would produce a compound with double bonds, capable 
of yielding an addition-product with bromine. 

The reduction-product therefore may be regarded as benzene with 
a saturated side-chain, — CIIa-CHa-CHCNHa) -CHa — , attached to 
two or/Ao-carbon atoms. 

a-Naphthylamine can be reduced also by amyl alcohol and sodium, 
but the tetrahydride formed is different in character from that obtained 
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from jS-naphthylamino, for it possesses all the properties characteristic 
of the aromatic amines, being diazotizablc, and lacking the ammoniaital 
odour. As it resembles jS-naphthylarnine in its inability to form an 
addition-product with bromine, its constitution is 



indicating the four hydrogen atoms in it also to be in union with the 
same nucleus, but not the one carrying the amino-group. In support 
of this view arc its completely aromatic character, and the fact of the 
oxidation with potassium permanganate removing the ring with the 
aniino-group to form adipic acid (i 6 i), 


CH2 

CH^boOH 

I 

CII2 coon 
CH2 


orNaphthylamine tetrahydride therefore must be regarded as aniline 
with a saturated side-chain, — CH 2 *0112 *0112 * 0112 — , in union with 
two orf^o-carbon atoms. 

The molecular refraction of i)enzylaminc is 34*12, the calculated value 
being 34*30; the corresponding values for aniline are 30*27 and 29*72. 
These facts prove the refraction of bcnzylamine to be normal, but that 
of aniline to be abnormal, with an exaltation of 0*55. A similar discrep- 
ancy'^ characterizes the reduction-products of a-naphthylaminc and /sr-naph- 
thylamine-. The molecular refraction calculated for both is 45*80, the 
experimental value for the a-compouu<l containing an aromatic arnirio- 
group being 46 *66, and that for the j8-compound, with an aliphatic amino- 
group, being 45*88. Only the amine of aromatic character exhibits an 
exalted molecular refraction. This example furnishes further evidence of 
the value of molecular refraction in deciding questions of structure. 


n. ANTHRACENE, CmHjo. 

382 . Anthracene is present only in small proportion in coal-tar, 
the amount varying between 0*25 and 0*45 per cent. Despite this 
fact, it is the basis of the manufacture of the important dyestuff alizarin 

(38s)* 
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The so-called “ 50 per cent, anthracene,” obtained from anthracene- 
oil (283), is distilled with one-third of its weight of potassium carbonate 
from an iron retort. Among the impurities thereby removed is 


carhaznle, 


C(iH4 

C‘«Il4 


>NII, a substunc(‘ present in considerable proportion 


in the crude anthracene, it becoming converted into a non-volatile 
potassium derivative (C6H4)2N»K. The distillate consists almost 
entireh' of anlhraceJie and i)henanthrene, tlie two substances being 
separated by dissolving the phenanthnine in carbon disulphide. Crys- 
tallization from benzene 3’ields pure anthracene. 

It crj'stalliz('s in eoloiirless glistening leaflets with a fine blue fluor- 
(‘scencc. Tt melts at 213°, and boils at 351°. It dissolves readily in 
boiling benzene, but with diflicull v in alcohol and ether. With picric 
acid it gives a compound melting at 138°, of the formula 


('i4Hio-C’«H2(N02)3()I1. 


l‘'.xp<)suro to light transforms anthracene into dianlhraccm', and in tlie 
(lark this substance Imcona's dcp(tlyin<‘rize(l to anthrac'Ciu'. 'I’liis changes 
exemplifies tlie rare pheiwjmenon of a reversible idiotoeliemical reaction: 

Light 

CoJLo. 

Dark 

Several modes of preparation affording an insight into the constitu- 
tion of anthrac('ne are kriowTi. One of them is its synthesis by 
An'sciivtz’s method from benzene, aluminium chloride, and tetra- 
bromoethanc : 

BrCHBr /CTI. 

CelTo-f- I -fC'oIl6 = (-cH4<: | >.'cI-l4+4HBr. 

BrCIIBr XTK 

This sj'nthesis indicates anthracem? to contain two benzenonuchn 
united by the gi-ouj) (.■2H2 thi-ough two (wfAo-cai-bon atoms of (*ach 
nucleus, as is proved for anthraciuinone in 383. Its constitutional 
formula is 



AnUinioenc 


Obviously, it must yield a very large number of isomeric substitution- 
products. Three monosubstitution-products are possible. Number- 
ing the carbon atoms as in the formula, then 1=4 = 5 = 8, 2=3 = 6 = 7, 
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and 9 = 10. Fifteen disubstitution-products with similar groups are 
possibhi. A very considerable number of anthracene derivatives is 
known, although it is small in comparison with ihe enormous number 
theoretically possible. 

The orientation of the anthracene derivatives is effected similarly 
to those of naphthalene ( 378 ), oxidation accompanied by a study of its 
products being an important aid. 

Substitution-products. 

383 . Anthraquinone, Ci 4 pTs 02 , is one; of the; most important deriva- 
tives of anlhi-aceaio, and is obtained from il by oxidation with such 
agents as nitric acid and chromic acid. Anthracene is converted into 
anthraeiuinone by nitrie; acid so readily as to inhibit its nitration. 

Antlu’aeiuinone is proved to have the structure 


CX) 





CO 


by its formation through the interaction of phthalic anhydride and 
])enzeue in presence of a dehydrator such as aluminium chloride*: 


Cd I4 < > [0 +112! ^ = < cHi < > C 'oHi + 1 I 2 ( ). 

Plithalif anhydride 


The reaction takes jdace in two stages, o-benzoylbenzoic acid, 
C'lill.i being the initial product, and losing one molecule of 
water from each molecule to form anthraciuinoiK': 


CO 

Celhcf 'Vol 1 5 - H2O = C0II4 < i 'n > ('0II4. 
\COOll 


The constitutional formuia of anthraquinone indicates only two 
isomeric monosubstitution-products to be i)ossible, a conclusion verified 
by experiment. This fact furnishes additional evidence of the accuracy 
of the formula indicated. 

The central groiip.s in anthraquinone. and hence those in anthracene, 
can bo demonstrated to be in union witli two or//io-carbon atoms in each. 
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benzene-nucleus. The method is similar to that employed in proving the 
constitution of imphthalcnc (355), the marking of one of the nuclei by the 
introduction of a substituent affording a means of identifying the nucleus 
eliminated by oxidation. 

Benzene and aluminium chloride react with hromophthalic anhydride as 
with phthalic anhydride, yielding bromoanthraquinone by elimination of 
water from the bromobenzoylbemoic acid formed: 


Br-CJI 



Dromopbthulic anhydride 


I. /COv ir. 
Br-C.Ha< XJells 

Nuooh 


Br omobenzoylbcn zoic 
aeid 


r. /CO\ ir. 
Br-C«II< 

\C(K 

Bronioanthraquinone 


Bromoanthraquinone being a derivative of phthalic acid, its two carbonyl- 
groups must bo united to two o?7A<>-carbon atoms of nucleus 1. Its bromine 
atom can be replaced by a hydroxyl-group by heating with potassium car- 
bonate at 160°, and the hydroxyanihraquinone formed can be oxidized to 
phthalic acid by the action of nitric acid. These transformations prove 
nucleus II to be unattacked, and to have its two carbonyl-groups attached 
to or/Ae-carbon atoms: 


I. 

IIO-CJl 



Ilydroxyanthraquinonc 


IIO-COv II. 

>C.Il4. 

HO.C(K 

Phthalic acid 


384 . Anthraquinonc crystallizes from glacial acetic acid in light- 
yellow needles melting at 277°, At higher tcmiieratures it sublimes 
very readily, forming long sulphur-yellow prisms. It is very stable, 
and is not attacked easily by oxidizers, or by concentrated nitric acid 
or sulphuric acid. 

In some measure the name anthragwmonc is incorrect, for this sub- 
stance lacks some of the properties characteristic of quinones, such as 
ready reducibility, great volatility, and pungent odour, being much 
more like a diketonc. With fused potassium hydroxide it yields ben- 
zoic acid, and with hydroxylamine an oxime. Warming it with zinc- 
dust and sodium-hydroxide solution gives the disodium-derivative of 
anthraquinol, 

COH 

C6H4<^|^6H4. 

COH 


Anthraquinol forms brown crystals melting at 180°, its solutions exhibit- 
ing an intense green fluorescence. Its alkaline solution has a deep 



§385] 


ANTHRACENE 


517 


blood-red colour, and in this condition it is converted into anthra- 
quinone by atmospheric oxidation. 

This property of anthraquinol makes its formation a delicate test for 
anthraquinone. The examination of the substance is effected by warming 
it with zinc-dust and sodium-hydroxide solution. In presence of anthra- 
quinone, a blood-red coloration Ls develt)pcd, and is destroyed by agitating 
the mixture with aii 

Isomeric with anthraquinol is the ketonic compound oxanthrone, 





H OH 

It is converted by a cold alcolu)lic solution of hydrogen chloride into 
anthraquinol to the extent of 97 jior cent., the saitie reagent effecting the 
inverse transformation of anthraquinol into oxanthrone to the extent of 
3 per cent. Oxanthrone melts at 107°, is colourless, and does not exhibit 
fluorescence in solution. Anthraquinol and oxanthrone exemplify a type 
of desmotropy characterized by the great stability of both forms. 

Reduction of anthraquinone with tin and hydrochloric acid gives 
anthrone, 

CO 

CoH4<^C6H4, 

CH2 

a substance transformed by boiling with alkalis into the tautomeric 
anthranol, 

C-OH 

C6H4<^|^6H4. 

CH 

In solution, anthranol exhibits a bright-blue fluorescence. It is recon- 
verted readily into anthrone, and anthranol also is produced to some 
extent by boiling anthrone with dilute acetic acid. Anthrone is to be 
regarded as a /Aserwfo-acid, anthranol being its aef-form. 

Stronger reduction of anthraquinone by heating with zinc-dust 
yields anthracene. 

385. Alizarin or dihydroxy anthraquinone, Ci4H602(0H)2, is the 
most important derivative of anthraquinone, and is a dyestuff of a 
splendid red colour. Formerly it was manufactured from madder- 
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root, a substance containing the glucoside rvberythric add, C 20 H 2 KOH. 
Boiling with dilute sulphuric acid or hydrochloric acid transforms this 
glucoside into dextrose and alizarin; 


C2(iH2sOM + 2 H 2 O - 2CcH,20«-fCMH,l02(()H)2. 

Huberythric acid Dextrose Alizarin 


The dyestuff is produced now almost wholly by a synthetic method. 
It is one of the organic dyestuffs known in antiquity. 

T'he first step in preparing alizarin is to oxidize the anthracene to 
anthraejuinone with sodium dichromatc and sulphuric acid. Heating 
with concentrated sulphuric acid at 100° converts various irnpuriti(is 
into sulphonic acids, the anthraquinone remaining unchanged; and 
dilution dissolves those stilphonic acids, pure anthraquinone being left 
after filttning. The quinonc is heated at 160° with fuming sulphuric 
acid containing fifty per cent, of sulphur trioxide, the main product 
being the monosulphonic acid. 

The presence of a mercury salt induces the formation of the a-sulphonic 
acid, but in its absence between 98 and 100 per cent, of tlie jS-sulphonic 
acid is formed at 156°. Addition of even so small a i)roportion as 0*035 
per cent, of mercuric sulphate lowers this figure to 61 per cent.; whilst 
one per cent, of this salt reduces the yield of tlie /3-acid to 16*3 per cent., 
and simultaneou.sly gives 83*7 |x;r cent, of the or-comixjund. Catalysts 
very rarely exert an influence of this renwirkable type. 

The sodium sjilt of the sulphonic acid is f)nly slightly soluble in 
water, and separates after neutralization of the acid with sodium 
carbonate. Fusion with sodium hydroxide replaces the sulpho-group 
by hydroxyl. A second hydroxyl-group is formed sinmltaneously, its 
production being facilitated considerably by the addition to the reaction- 
mixture of potassium chlorate as an oxidizer: 

C6H4<g[]> CoH 3 *S 03 Na-f 3 NaOH-l -0 = 

Sodium anthraquinone- 
iiionosulphonalt* 


= CcH4 < C 6 H 2 ( 0 Na) 2 + 2 H 20 -|-Na 2 S 03 . 


The dyestuff is liberated from the sodium salt by addition of an 
acid. 
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Anthraquinone can be oxidized to alizarin directly by heating it 
with very concentrated aqueous alkali in presence of oxidizers such as 
mercuric oxide and potassium chlorate. 

Alizarin crystallizes in red prisms, and sublimes in orange needles, 
melting at 289°. It is almost insohiblo in water, and slightly soluble 
in alcohol. On account of its phenolic character, it dissolves in alkalis. 
It yields a diacetate, distillation with zinc-dust converts it into anthra- 
cene, and this reaction gave the first insight into the constitution of 
alizarin. 

The value of alizarin as a dyestuff depends on its power of forming 
with metallic oxid(;s fin(j-colour<‘<l insoluble compounds termed Uikea. 
When a fabric is mordanted with one of the.s(! oxides, it can be dyed 
with alizarin, the colour depending on the oxide emplo3'ed. I'lie 
ferric-oxide compound of alizarin is viok't -black, the chrorniurn-oxide 
compound claret-colour, the calcium-oxidc compound blue, the alumi- 
nium-oxide and tin-oxide compounds various shades of red (Turkey- 
red), and so on. 

Tlie method of preparing alizarin indicates it to be a derivative of 
anthraquinone, but leaves the positions of the hj'droxyl-groups inde- 
terminate*. The formation of alizarin l^v heating phthalic anhj'dridc 
at 150° with catechol and sulphuric acid demonstrates the h^ydroxjd- 
gi-oups to be in the same benzene-nucleus; and as those in catechol 
occopj”^ the* ort/io-position, the same must be true of alizarin; 


( V.I i 4 <5 ![ J > o+( '0H4 < { [ = ( ciu < J j > ( 6H2 < *-1-1120. 


I’hlhalio aiiliyilridc 


Catt'chol 


Ali/arin 


These facts limit the choice* to the two .strue*tural formula! 



The result of nitration indicates formula I to be correct. Two isomeric 
mononitre)-derivatives arc obtained, each with the nitro-gre)up in the 
same nue*leus as the hj'drox.vl-greiups, for e^ach e;an be oxidized to phthalic 
acid. Fe)rnmla 1 alone admits e>f the formation of two such mononitro- 
derivatives, and therefore must be correct. 
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Other hydroxy-derivatives of anthraquinone also are dyestuffs, an 
example being purpurin or bliMS^trihydroxy anthraquinone, 

CflH 4 < (CO )2 > C JI(01I ) 

a constituent of madder-root. The power of the hydroxyanthraquinones 
to form dyestuffs with mordants is determined by the presence of two 
hydroxyl-groups in the or/Ao-position to one another, for only under such 
conditions would the metallic atom of a mordant be able through its 
se(!ondary valencies to unite with the hydroxyl-groups in producing a ring 
of five or six members ( 374 ). A negative proof of the accuracy of this view 
is afforded by the hydroxyanthraquinones lacking hydroxyl-groups in the 
or/Aa-position, exemplified by anihrnjlaronic add, 


O 



O 


This yellowish-red substance is without dyeing capacity, although it pos-. 
sesses chroinophoric carbon^d-groups and tinciophoric auxochromic 
hydroxyl-groups. Other anthraciuinone derivatives with hydroxyl-groups 
and amino-groups, or with amino-groups only, are also valuable dyestuffs. 

The very fast brilliant colours of the indanlhren^rouj) arc derivatives 
of 2-aminoa7iihraquinone, 


CO 



CO 


being obtained by its oxidation. Indanthren’-hlue is .supposed to have the 
structural formula 


CO 



It is jirepared by fusing 2-aminoanthra(|uinonc with alkali. 
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The hydroxyanthraquinonos, particularly those having two hydroxyl- 
groups in the ??*eto-position, find application as cathartics. 

in. PHENANTHRENE, CuHm. 

386. Phenanthrme is isomeric with anthracene, and is present with 
it in “ anthracene-oil.” They arc separated by the method described 
in 382. Phenanthrene virystallizcs in colourless lustrous plates, soluble 
in alcohol more readily than anthracene, and yielding a blue fluorescent 
solution. It melts at 96°, and boils at 340°. 

Its oxidation with chromic acud yields phenanthraquinone, and then 
diphenic acid, 



ITOOC (K)()H 


This reaction indicates phenanthrene to possess two benzene-nuclei 
in direct union, and thcirefore to be a diphenyl-derivative, and also a 
(li-orfAo-compound. Diphenjd with two hj'drogcn atoms substitut'd, 
— (roIl4*CoH4 — , or — ('lalls — , differs from phenanthrene by C'2ll2. 
This group must unite two or/Ao-positions, phenanthrene having the 
constitution 



This structure finds support in the conversion of stilbene into phen- 
anthrene by passing its vapour through a n^d-hot lube, a method of 
formation analogous to that of diphenyl from btmzenc (371): 

CH— Colls CII— C6H4 

II -H2 =ii I . 

CH— CoHs C:iT— C0H4 

Stilbene Phenanthrene 

In the formula of phenanthrene the grouj) — CII==CH — and the 
four carbon atoms of diphenyl yield a third ring of six carbon atoms. 
This ring is distinguished from a true benzeno-ring by its C2ll2-group 
absorbing bromine readily, and by its behaving towards oxidation as an 
ordinary side-chain. 

C0H4— CO 

Phenanthraquinone, | ( , is an orange crystalline substance 

C6H4— CO 

melting at 200°, and boiling without decomposition above 360°. Its 
dikctonic character follows from its yielding di-dcrivatives with sodium 
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hydrogen sulphite and with hydroxylamine. It is odourless, and is not 
volatile with steam. 

PscHORK discovered an important synthesis of phenanthrcne and 
its derivatives, the condensation of o-nitrobcnzaldchyde with phenyl- 
acetic acid by the Pekkin reaction (328) ; 

NO2 

/Cells .HaO+CelK /Colls 

'^o+iT-cc ~ \cn:c< 

^COOII \COOH 

o-Nifro- Pheriylawtin acid o-Pheiiyl-o-nitrocinnamic acid 

beiizul(li‘hydc 


Diazotiza^ion of the corresponding amino-acid obtained by reduction, 
follow<'d by tlic action of cop[)cr-dust (307) on the sulphuric-acid solu- 
tion of (he diazo-cornpound, (*liminat(!s nitrogf'u and W'at(‘r, an almost 
quantitative yield of ^-phcnnnthreneairhoxylic acid being obtained: 



Diazo-dcrivativr of a-phcnyl- Phenanthrcne- Phenanthrcne 

e-ainiiioeiniiainu: acid rarboxylie acid 


Distillation of this acid expels carbon dioxide, forming phenanthrcne. 

In this reaction, substitution of the methyl ether of o-nilroi'anUlin for 
o-nitrobenzaldehyd(5 gives the dimethoxyphenanthrene dimelhylniorphol, 
also formed by the breaking-down of morphine (413) : 


CIl30i\jN02 


CHO 


+ 


CIT3O 


Methyl ether of 
o-nitrovanillin 


CH 



Dimethylinorphol 



B. HETEROCYCLIC COMPOUNDS. 


NUCLEI CONTAINING NITROGEN, OXTGEN, AND SULPHUR. 


I. PYRIDINE, C5H5N. 

387 . Pyridine and some of its homologuos arc coustituentsj of coal- 
tar. Probably they arc fonned from acetylene and hydrogen cyanide 
in the manufacture of gas, for the passage of a mixture of these sub- 
stances through a red-hot tube yields a small proportion of pyridine. 
On mixing the “Light oil” ( 283 ) with sulphuric acid, they are absorbed, 
and addition of s<)dium carbonate caus('s their separation in the form 
of a dark-brown basic oil. From it pyridine and its homologues are 
■ obiained by fractional distillation. Pyridine prepared by this method 
is never quite pure, but always contains small proiK)rtions of its homo- 
logues. 

Another source of pyridine is “ Dippel’s oil,” a liquid of extremely 
disagreeable odour, produced by the dry distillation of bones containing 
th(‘ir fat. It is a very complex substance, its constituents comprising 
not only the pyridine bases and (juinoline, but also many other sub- 
stances, such as carbonitrilcs, amines, and hydrocarbons. 

Pyridine is a colouiless li({uid boiling at 115®, freezing at —38*2®, 
and with the densitj' 1 •0033 at 0®. It is miscible with water in all 
l)roportions, and has a weak alkaline reaction, colouring aqueous 
solutions of litmus only pui’fde. It has a very characteristic odour 
leminiscent of tobacco-smoke, and is a constituent of crude ammonia. 
It is very stabler, btang unattacked by boiling nitric acid or chromic 
acid. It reacts with sulphuric acid only at high temperatures, yielding 
a sulphonic acid. The halogens have very slight action on it. Very 
energetic reduction with hydrogen iodide at 300® yields normal pentane 
and ammonia. 

As a base, it forms salts with acids, most of them being readily 
soluble in water. 

Pyridhie ferroq/anide dissolves with difficulty, and is employed in the 

purification of the base. With platinum chloride, the hydrochloride yields 

623 
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a double salt, (C6ri6N)8H2PtCIe, freely soluble in water. Boiling the solu- 
tion eliminates two molecules of hydrogen chloride and produces a yellow 
comi)ound, (C6ll4N)2PtCl4, only slightly soluble in water. The reaction 
affords a sensitive test for pyridine. 

Th(! following test also is very delicate. Warming the base with methyl 
iodide induces an energetic reaction, and forms an addition-product. 


C4H4N< 



Heating with solid potassium carbonate causes this com- 


pound to emit a very pungent and disagreeable odour. 


388. Many methods for the synthesis of pyridine and its homo- 
logucs are known, although but few of them afford insight into its 
constitution. Among them is the formation of pyridine from quino- 
line (400), and that of piperidine from 1 : 5 -diaminopentane is mentioned 
in 159. Piperidine can l)c oxidized to pyridine by heating it with sul- 
phuric acid: 




.CH2 
CH<^ 


-CHs 


%NH 
CHa— 0 ^ 2 ^ 

Piperidine 


HO 


< 


H 

CCH 
>N . 
C-CH 
H 


Pyridine 


The formation of fi-chloropyridine from pyrrole is described in 395. 

Since under pressure, in presence of colloidal platinum, pyridine in 
acetic-acid solution is reduced to piperidine almost quantitatively, and 
piperidine can be oxidized to pyridine, it is reasonable to assume 
pyridine to have the closed chain characteristic of piperidine, one of 
five carbon atoms and one nitrogen atom. In addition, the nitrogen 
atom of pyridine can be proved not to be in union with hydrogen; for, 
whilst the s<;condary-arainc character of piperidine is indicated by its 
yielding a nitroso-derivative and by other reactions, pyridine is proved 
to be a tertiary amine by its yielding an addition-product with methyl 
iodide (387). The iodine atom in this substance resembles that of the 
other ammonium iodides in being exchangeable for hydroxyl by means 
of moist silver oxide. 

Th(! number of Lsomeric substitution-products, like that of benzene 
(286), indicates each carbon atom to be in union with one hydrogen atom. 
A substance of the formula 
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should yield three monosubstitution-products, 2(a)==6(a')> 3G8)=5(j8'), 
and 4(7). For similar substituents, six disubstitution-products are 
possible: 2:3=6:5; 3:4 = 5:4; 2:4 = 6:4; 2:6, 3:5, and 2:5 = 6:3. 
This view agrees with the results of experiment. The mode of union 
of three out of the four valencies of each carbon atom being established, 
and that of two of the three nitrogen valencies, it remains only to 
determine the position in the molecule of the fourth valency of each 
carbon atom and the third valency of the nitrogen atom. 

The marked analogy between benzene and pyridine leads to the 
assumption of analogous formulas (287). The great stability of pyri- 
dine towards energetic chemical reagents proves its lack of double 
bonds. Only the side-chains of each compound are attacked by 
oxidizers. With sulphuric acid, each yields sulphonic acids, convertible 
by fusion with potassium hydroxide into hydroxyl-derivatives, and by 
heating with potassium cyanide into cyanides. At 3.30°, pyridine is 
converted by a mixture of fuming sulphuric acid and nitric acid into 
^-jiitropyridine, colourless needles melting at 41°, and boiling at 216°. 
The hydroxyl-derivatives of pyridine have the phenolic character, 
yielding charactcrisf ic colorations with ferric chloride. Pyridine 
th(!refore must b(i regarded as benzene with one of its CH-groups 
replaced by a nitrogen atom. 

A remarkable reaction is the introduction of an amino-group into 
pyridine, effected by Tschitschibabin by dissolving the base in toluene 
anfl heating the solution with sodamide. Hydrogen is evolved, and the 
reaction-product contains the sodium derivative of aminopyridine: 


C5Hr,N+NaNH2 -h> Cr.H4N.NHNa+n2. 


Decomposition of this product by the action of water gives a good yield 
of 2-aminopyricHne, a substance melting at 57°. It has been known for 
a long time, having been prepared by another method. 

The analogy between benzene and pyridine also finds expression ip the 
substitution of hydrogen, exemplified by the entrance of the nitro-group 
and of the sulpho-group at the /S-iJosition, and by the fact of a chlorine atom 
situated at the a-position or the 7-position having greater mobility than 
one at the jS-position. In this respect the ring-nitrogen is comparable with 
a strongly negative substituent in the benzene-nucleus. 

The principle of the orientation of pyridine is similar to that of 
benzene, conversion of a compound of unknown structure into one 
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with its side-chains in known positions. The monocarboxylic acids 
and dicarboxylic acids have served as the main basis for its orientation. 
The method of ascertaining the positions occupied by the carboxyl- 
groups in these comjjounds is described in 391. 


Homologues of Pyridine. 

389. The homologues of pyridine arc the inethylpyridines or •picolines, 
dimiihylpyridines or lutidinea, and tri methyl pyridines or collidines. 
Many of tliem can be obtained by more or less complex methods, 
/3-picolinc being formed by the distillation of aeraldchydeammonia 
(141), and collidine by the distillation of crotonaldehydeammonia. 
The i)ro<luction of p\’ridinc and its homologues by the dry distillation 
of bones depends on these reactions. Tbider the influence of heat, the 
fat present yields acraldehyde, and it reacts with the ammonia formed 
by t,li(i heating of the protc'iiis to give pyridine bases. 

Passage of a mixture of acetylene and ammonia over oxide of 
aluminium, ferric oxide, or chromium sesquioxide at 300®, yields 
a-j)icoline, 7-picoIino, and some higher homologues. Owing to the 
prf'sence of a trace of moisture*, acetaldehyde is the initial product, 
and unites with ammonia to form a<!etaldchj'deammonia. 

IlANTZscit discovered an important synthesis of i)yridine derivatives, 
the condensation of one molecule of acetaldehydeammonia with two 
molecules of ethyl acetoacetate: 


CH, 


OCII 

CjHiO-OC-CH, CH^-CO-OGJIs 

I I 

Clla-CO CO-CIIs 

HNH* 


CHa 

CjHsOOC-C C-COOCJI* 


CHaC C-CH, 

\ N 
H 

A 

Diethyl dihydrocolliriinpdicarboxylato 


-|-3H,0. 


Oxidation of the product with nitrous acid removes two hydrogen atoms, 
one from the CH-group and one fnmi the imino-group, with formation of 
ethyl coUidinedicarboxylate. Saponification of this ester with potassium 



PYMDINE 


527 


i390] 


hydroxide, and subsequent heating of the potassium salt with r/UicW/we, 
eiirainatc the carboxyl-groups, and collidine, 


CH, 



N 


distils. 

In this synthesis acetaldehyde can he replaced by other aldehydt's, 
and ethyl acetoacetate by the essters of other /3-ketonic acids, the method 
being applicable to the preparation of numerous pyridims derivatives. 

Some of the homologues of pyridine can be obtained from it by the 
action of an alkyl iodide, an addition-product being formed. Heating 
this compound at .‘100° detaches the alkyl-group from the nitrogen 
atom and attaches it to a carbon atom, a reaction analogous to the 
formation of /Moluidine by heating methylaniline hydrochloride at a 
high ttimperature (2gg). 

390. ot-Propenylpyridine is of theoretical importance. Ladenburg 
obtained it by the condensation of a-picoline with acetaldehyde: 


NC5H4- CHa 4 -OCH - CH 3 = NC.-,Il 4 • CII : CII - Clla-l-IIaO. 

«-Picoline Acetaldehj’^de CK-l»r«ppnylpyridino 


By its aid he effected the first synthesis of a natural alkaloid, that of 
coniine, CsHitN (409). a-Propenylpyridine was reduced with sodium 
and boiling alcohol, yielding a-propylpiperidine. 


Ha 

Ha^ ^Ha 

Hal ill . C’Ha • CHa • CH3 ’ 

NH 

Like all synthetic substances prepared from inactive material, this 
product is optically inactive. It was resolved into a dextrorotatory 
and a Ispvorotatory modification by fractional crystallization of its 
tartrate, the dextrorotatory isomeride being identical with natural 
coniine. 

The constitutional formula of ar-propylpiperidine indicates the 
carbon atom in union with the propyl-group to be asymmetric. 
y-Propylpiperidine does not contain an asymmetric carbon atom. 
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and therefore should be optically inactive. The side-chain cannot be 
at the /8-position, for coniine is converted into ammonia and normal 
octane by strong heating with hydrogen iodide. Under similar condi- 
tions, a /8-propyli)iperi(line or y-propylpiperidinc must yield an octane 
with a branched carbon-chain, proving coniine to be an a-compound. 


Piperidine Ls present in pep|)er in combination as pij)erine, Ci7Hj9(),-iN. 
Boiling piperine with alkalis yields piperic acid (353), C12H10O4, and piper- 
idine, the reaction involving the addition of one molecule of water, and 
indicating piijerine to be a substituted amide of piperic acid, containing 
the pij)eridine-residue, CsHioN — , instead of the amino-group: 


CII 






U 


iCH:CH-CH:CH-CO-N 
HiC 


CII2 
'cUs • 


CHs 

Piperine 


Piperidine is a colourless liquid boiling at 106 °, with a characteristic 
pepper-like odour and strongly-marked basic properties (159). It is 
obtained best by the electro-reduction of pyridine. 


Pyridinecarboxylic Acids. 

391. Three pyridinemonocarhoxylic adds are known: 


N 


J^COOH 




Picolinic acid (a) 
M.P. 


N 



^^COOH 




Nirotinic arid"(/9) 
M.P. 231® 


N 

and 

COOH 

tsoNieotinie arid (v) 
M.P. 309® 



The orientation of the car boxy 1 -gi-oups in these acids can be effected 
as follows. In 390 the side-chain in coniine is stated to occupy the 
a-position. Oxidation of this substance yields picolinic acid, by con- 
version of the propyl-group into a carboxyl-group, and (dimination of 
the six added hydrogen atoms. Picolinic acid is therefore the a-car- 
boxylic acid. 

The following reasoning o.«tablishcs the j8-constitution of nicotinic 
acid. Quinoline (400) has the formula 
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being naphthalene with one of the a-CH-groups replaced by nitrogen. 
Oxidation of quinoline yields a pyridinedicarboxylic acid, quinolinic 
acid, and its structure must be 

N 

/'^COOH 
I^COOH • 

Heat eliminates from this acid one molecule of carbon dioxide, with 
formation of nicotinic acid. Since the carboxyl-group in picohnic acid 
has b(^en proved to occupy the a-position, nicotinic acid must be the 
jS-acid. There remains only the 7-structurc for fsonicotinic acid. 

The pyridincmonocarboxylic acids are formed by the oxidation of 
the homologues of pyridine containing a side-chain. Nicotinic acid 
derives its name from its formation by the oxidation of nicotine. The 
monocai’boxylic acids are crystalline, and possess both a basic and an 
acidic character. As bases they yield salts with acids, and they give 
double salts with such reagents as platinum chloride and mercuric 
chloride. As acids, they form salts with bases, the copper salts often 
being employed in their separation. 

Picolinic acid can be distinguished from its isomerides by two 
jiroiierties: heating it eliminates carbon dioxide more readily, with 
formation of pyridine; and it gives a j^ellowish-red coloration with 
ferrous sulphate. Quinolinic acid answers the same tests, indicating 
them to be applicable to acids with a carboxyl-group in the a-position. 


II. FURAN, C4H4O. 

392. Furan, 041140, boils at 36°. It is of little importance, but 
two of il.s substitution-products must be considered in some detail. 

To furan is assigned the ring-formula 


O 

iic^ cni 


iTc — on 



0 



0 


.I 2 


a 

A 

or 

4 8 

or 

/S' 

— 


a 

0 ‘ 


This formula is supported by the resemblance in properties between 

some of its derivatives, such ob furfural (Jurfuraldehyde), C4H30*Cq, 

and the corresponding benzene derivatives. In addition, the oxygen 
atom can be proved to be united similarly to that of ethene oxide (150), 
for with sodium furan does not evolve hydrogen, proving the absence 
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of a hydroxyl-group; and it does not react with hydroxylamine or 
phenylhydrazine, indicating the lack of a carbonyl-group. 

Furan derivatives can be obtained from the 1 : 4 -diketones, 
H •(X’)* ('Ills •(■'112 ‘CO * 11 , by means of dehydrators such as acetyl 
chloride. This reaction can be r(*gard(‘d as consequent on the con- 
version of tlie diketone into an unstable tautomeric form, 


R-C:C 1 I*CH:C-K, 

OH on 


this fautomeridc losing water: 


.R 


Hc=c/ Hc;= 

V)|II-H20 = 

/Ion ITC=C< 

HC=C< ' — 

\R 



This method yields 2 : 5 -furan derivatives, the carbon atoms in furan 
being denoted as in the foi-mula giv(*n. 'Fhis synthesis of furan deriva- 
tives is likewise a i)roof of their constitution. 

393. The most important derivatives of furan arc furfural, 

C4H;jO"(.'q, and pyromucic acid, C4H:jO-COOH. Both of them have 
Ixicn known for a long time. 

Furfural is prepared from pentoses by the method mentioned in 
207. It has the character of an aromatic aldehydt;, resembling benzal- 
dehyde (314) in its conversion by alcoholic potassium hydroxide into 
the corresponding acid, pyromiicic acid, and the corresponding alcohol, 
furfuryl alcohol, C4H;j0-CIl20H: 


\/-() 

O 

Furfural 


>■ 


OOH 
O 

Pyriimucic acid 


+ 



o 

Furfuryl alcuhol 


With ammonia it yields furfuramide, (C.';H40)aN2, analogous in com- 
position to hydrobenzamide (315). As benzaldehyde condenses in 
presence of potassium cyanide to benzoin (376), so furfural under the 
same conditions yields the similarly constituted furfuroin, 

H 

C 4 H 30 .C-CO.C 4 H 30 . 

OH 
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The resemblance in properties between the two compounds is therefore 
very striking. 

Furfural is proved to have the 2-structurc by various means, such 
as its formation from pentoses ( 207 ), a reaction corresponding with the 
scheme 




HO H 


CH— CHC^ CH==CH 


CH— 

I I \ 


hlO H 


|OH 

.H 

O 


l*€*ntO80 


CH=C< 


Furfural 




In this process furfural is produced by the elimination of three molecules 
of water through the influence of hydrogen chloride or sulphuric acid. 
It is a colourless oily litpiid of agreeable colour, and boils at 162°. T wo 
tests for it are described in 207 . 

TIk; (ionversion of pentoses into furfural is analogous to that of keto- 
hexoses into hydroxy methi/l furfural, 


HC CH 


HOCHvC C- 
O 


JI, 


c 


o 


cffocted by heating with dilute acids. Tlu* strin^ture of this substance 
is indicatcKl by its oxidation to the dibasic dehydromucic acid, 

lie — CII 

il !! 

HOOC-C C-COOII. 

o 


Heating with hydrochloric acid or dilute sulphuric acid converts hydroxy- 
methylfurfural ahnost quantitatively into formic acid and lawulic acid: 


C«H«O3+2H20 = H-C00H+C5HgO3. 

Hydroxymethyl- Lsevulic 

furiural acid 
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The formation of hydroxymethylfurfural is the cause of certain reactions 
exhibited by the hexoses. When heated with resorcinol and concentrated 
hydrochloric acid, it yields a dark-red precipitate. This reaction serves 
to distinguish the artificial honey made from invert-sugar ( 209 ) from the 
natural product, for in the inversion of the sucrose by heating with dilute 
acid a small proportion of hydroxymethylfurfural is formed. 

As indicated by its name, pyromucic acid is formed by tlie dry dis- 
tillation of mucic acid (210). It can l)c obtained also by oxidizing 
furfural with silver oxide. It is crystalline, melts at 132°, can bo sub- 
limed readily, and dissolves freely in hot water. Heating it at its 
boiling-point, 200°, produces carbon dioxide and furan. 

In physical properties pyromucic acid resembles benzoic acid, 
being readily sublimed, and crystallizing in similar colourless leaflets. 
In chemical character it resembles the aromatic compounds in a few 
reactions only, an example being its conversion into a sulphonic acid by 
means of fuming sulphuric acid. In most of its chemical properties 
its behaviour approximates more closely to that of an unsaturated 
aliphatic acid, it being oxidized easily, almost instantaneously decoloriz- 
ing VON Baeyer’s reagent (113), and readily adding four bromine 
atoms. These facts demonstrate the lack of the distinguishing char- 
acteristics of the benzene-nucleus, and indicate for it the formula 

HC==CH 

1 > O 

HC=C:) 

I 

COOH 

with two double bonds. 


ra. PYRROLE, C 4 H»N. 

394. Pyrrole is the most important of the heterocyclic compounds 
with a ring of five atoms. Several natural products containing the 
pyrrole-nucleus are known, exemplified by the colouring-matter of 
blood, by chlorophyll, and by such alkaloids as nicotine. Pyrrole 
derivatives have been found also among the decomposition-products of 
proteins. Pyrrole is a constituent of “ Dippel's oil " (387). The 
fraction of this oil distilling between 120° and 131° is employed in the 
preparation of pyrrole. After removal of the pyridine bases by means 
of dilute sulphuric acid, and of the carbonitriles by boiling with sodium 
carbonate, the fraction is dried, and brought into contact with potas- 
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slum. Potassiopyrrole, C4H4NK, is formed, and can be purified by 
washing with ether. It is reconverted into pyrrole by the action of 
water. 

Pyrrole is a colourless liquid insoluble in water. At 20° its density 
is 0«948, and it boils at 131°. Exposure to light soon imparts to it a 
brown tint. The vapours of pyrrole and its derivatives colour a 
wood-shaving moistened with hydrochloric acid carmine red, the 
effect being due to th'- formation of the amorphous substance “ Pyrrole- 
red.” This reaction furnishes a delicate test for pyrrole and its 
derivatives. 

Pyrrole can be synthesized by several methods, exemplified by the 
interaction of succindialdehyde and ammonia: 


CTI 2 - 

I 

CII 2 - 


-C^+NHs 

-cg-l-NHa 


ch^ch<5®^ 


CHs 


CII=CHv 

= I >NH-|-NH3+2H20. 

ch=c::h/ 

pyrrole 


Inversely, succinald-dioxime is obtained from pyrrole by the action 
of hydroxylaminc, ammonia being evolved. 

The homologuos of pyrrole are produced by the interaction of 
ammonia and l;4-tliketoncs: 



1 : 4-Diketone 
(tautomeric form) 


/R 

HC=C< 

NH= 1 >NH-|-2H20. 

HC=C< 

\r 

ac/-Pyrrole 


The nomenclatime of the pyrrole derivatives is indicated in the 
scheme 


NH NH 



This structure is inferred from the foregoing syntheses and otherwise. 
The basic properties normally characteristic of a substance with the 
formula of pyrrole are masked by the resinifying action of acids, sulpho- 
acids not having been obtained, and nitro-derivatives only by an indirect 
method. 

395. Among the properties of pyrrole indicating its relationship 
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with the aromatic compounds is its behaviour with halogens, for it 
differs from the aliphatic unsaturated compounds in yielding substitu- 
tion-products, but not addition-products. The analogy in properties 
between pyrrole, aniline, and especially phenol, is very marked. The 
transformation of 1-methylpyrrole into 2-methylpyrrole under the influ- 
ence of heat resembles the conversion of methylaniline into p-toluidine 
(299): 

C4H4N-CH3 C4H.3(CH3)-NH. 

I'Mu tliylpyrrole 2-M ethy Ipyrrolo 


As sodium phenoxide is converted by carbon dioxide into salicylic acid 
(344), so potassiopyrrole and carbon dioxide yield 2-pyrrolecarboxylic 
acid. Like phenol, pyrrole unites with benzenediazonium chloride, with 
elimination of hydrogen chloride (309). 

Contact of pyrrole with chloroform in presence of sodium alkoxide 
induces a notable reaction. The carbon atom of the chloroform takes 
up a position between two of the carbon atoms of the pyrrole-nucleus, 
forming ^-chloropyridine: 

Nil N 

-f- cnch 

Pyrrolo 3-Chloropyridine 



Reduction with zinc-dust and cold hydrochloric acid adds to the 
pyrrole molecule two hydrogen atoms, and forms 2:3-dihydropyrrole, 
C4H7N, boiling at 91°. Like the partial, reduction-products of aromatic 
compounds, dihydropyrrole behaves as an unsaturated compound, 
another indication of the aromatic character of pyrrole. Further reduc- 
tion adds two hydrogen atoms, with formation of tetrahydropyrrole, 
C’4ll8NH, the parent substance of proline and hydroxyproline (252, 5). 

Very im])ortant rasearches on chlorophyll have been made by Wili/- 
STA'i'TKR and Stoll. This substaneo is indispensable for the assimilation 
process, and constitutes between 0*6 and 1*2 per cent, of the w'eight of 
dried leaves. Its molecule contains magnesium in complex combination. 
Towards alkalis the magnesium-complex is very stable, but the metal is 
eliminated readily from the molecule by means of acids. 

Chlorophyll is saponified by alkali-metal hydroxides, with formation 
of the unsaturated alcohol phytot, CwH3»OH. During the reaction the 
alkali combines with polybasic acids, the chlorophyllins, substances con- 
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vcrtible into an oxygen-froo product, aetiophyllin, Csin34N4Mg, by elim- 
ination of the carboxyl-groups. Acids rejilace the magnesium atom in 
this compound by two hydrogen atoms, forming aetioporphorin, C3iH3flN4. 
This derivative can be obtairied also from ha'inin (230), an indication of 
the relationship of chlorophyll and haanoglobin, the colouring matter of 
blood. H^ernin contains iron instead of magnesium. 

Reduction of aetiopt)rphorin .yields a mi.xture of pjorole homologues, 
each nitrogen atoi . being associated with a p.yrrole-nucleus. 

'^riic chlorf)iih.vll of all plants is identical, and eon.si.sts of a mixture of 
two r(?lated comf)»)unds, chIoroph.vll-<i and chlorojdiyll-ft, there being 
about one molecule of b to three molecules of a. Their formulae are 

/COOCII3 

a. CsiH^O.NMVIg = (MgN4C3jI.ToO)< , and 

XX)()C3oH3. 

yCOOCU, 

b. C55n;oO«X4Mg=(MgX4C33H3303)<; 

V’OOC2oIl3» 


IV. THIOPHEN, CMbS. 

396. Thiophen has a more aromatic; character than furan or ]>yrrole. 
It i.s present to the extent of about 0*5 per cent, in tlie crudt; benzene 
obtained from coal-tar (283). Its homologues, thiotolcn or mcthyl- 
thiophen, and thioxen or dimethylthiophcn, are contained in toluene 
and xylene from the same source. 

Thioiihen was obtained originally by Victor Meyer by agitating 
coal-tar benzene with small proportions of concentrated sulphuric acid 
until it ceased to give the indophenin-readion, a blue coloration with 
isatin (403) and concentrated sulphuric acid containing a trace of 
nitric acid. The thiophen becomes converted into a sulphonic acid, 
and can be regenerated by the action of superheated steam. 

A better method for the sofKiration of benzetu; and thiophen is to 
boil the crude benzene with mercuric oxide and acetic acid. The thio- 
phen is precipitated as thiophen mercury oxyacetate, 

C 4 ll 2 S(HgOOC • 0113) • HgOH, 

a substance reconvertible into thiophen by distillation with hydrochloric 
acid of moderate concentration. It is formed by passing acetylene over 
pyrites at 300 ®. 

Thiophen can lie synthesized by various methods. The interaction 
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of acetylene and iron pyrites, FeS 2 , at about 300° yields a liquid con^ 
taining fifty per cent, of thiophen: 


CII 

a 


CH 

. Ill 

H+S+CII' 


HC— CH 

hJ Jii 

V 


Heating sodium succinate with phosphorus pentasulphide induces a 
vigorous read ion, attended by the evolution of carbon disulphide and 
the distillation of a liquid consisting mainly of thiophen. 

It is a colourless liquid boiling at 84°, a temperature near to the 
boiling-point of benzene (80*4°). It has a faint, non-charactei'istic 
odour. It is heavier than water, its density at 23° being 1*062. 

Bromine reacts energetically with thiophen, forming chiefly dibronio- 
thiophen, C 4 H 2 Br 2 S, with a small proportion of the monobromo' 
derivative. 

The notation of thiophen derivatives is indicated by the schemes 



and 


a 


/3'l 


S 


ICC 




The homologues of thiophen can be obtained by the WoRTZ-FiTTia 
synthesis ( 284 ) and by other methods, such as heating 1 ; 4-diketones 
with phosphorus pentasulphide, a mode of synthesis indicating the 
con.stituiion of the thiophen homologues. By this process acetonyl- 
acetone yields dimethyllhiophen: 


/CH3 

HC=C< 

Njh 

nc=c<( 

AJHa 

/OH 

hc=c< 

^CHa 

~^HC=C<( 

^ • 

Acetonylacetone 
(tautomeric form) 

2: 6-Dimcihyltliiophen 


2: 5-Dialky Ithiophens are obtained from 1 : 4-diketones, and the 
3: 4-alkyl-compounds can be prepared by another method. As stated, 
thiophen is produced by the interaction of sodium succinate and phos- 
phorus pentasulphide: 


HzC— COONa 

I 

H2C— COONa 


H 

HC=Ck 
I >S. 
HC=C/ 

H 


Thiophen 


Sodium succinate 
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The conversion of a monoalkylsuccinic acid into a 3-alkylthiophen, 
and that of a symmetrical dialky Isuccinic acid into a 3 : 4-alky Ithiophcn, 
arc analogous: 

CHa-CH— COOH CHs-C— CII 

I I >s. 

CH 3 -OH— OOOII CHa-C— CII 

Symmetrical dimethyl- 3; 4-l')i methyl- 

succinic acid thioplicn 


The known structure of these compounds can be employed as a 
basis for the orientation of the derivatives of thiophen, 

397 . Wluui a cold aqueous solution of the two monocarboxylic 
acids, 2-thiophencarhoxyUc acid and ‘^-Ihiophencarhoxyli^ add, 


S 

j^COOII 


and 


S 

ICOOH 


is crystallized slowly, the mixture formed cannot be resolved into its 
components. This phenomenon is due to the formation of mixed 
crystals, and is of rare occurrence with position-isomerides. 

A thiophensulphonic add also is known. It is produced more easily 
than bonzencsulphonic acid, a fact constituting the basis of Victor 
Meyer’s method of separating thiophen and benzene. 

A mixture of acetic anhydride and concentrated nitric acid reacts 
with thiophen to form mononitrothiophen. It is a solid melting at 44®, 
and lioiling at 224®, and it has an odour like that of nitrobenzene. Its 
reduction yields aminothiophen or thiopkenine, a substance distinguished 
from aniline by its instability. It changes quickly to a vamish-like 
mass, but its hydrochloride is stable. It does not yield diazo-com- 
pounds, but reacts with benzenediazonium chloride to form a crystal- 
line orange dyestuff. 

V. PYRAZOLE, CsH«N». 

398 . Pyrazole derivatives are produced by the interaction of the 
esters of unsaturated acids and ethyl diazoacctate. An example is the 
union with explosive energy of diethyl acetylencdicarboxylate and 
ethyl diazoacetate to form triethyl pyrazoletricarhoxylate: 


CzHsOOC-C CH -00002116 

III INn 

02H6000-0+ 1/^ 


O 2 H 6 OOO -O O .OOOC 2 Hfi 


“02H5000-C N 

\/ 

NH 


Diethyl acctylene- 
dicarboxylate 


Triethyl pyrasoletricarbozylate 
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Pyrazole. is produced by several reactions, one of them being the 
combination of hy<lrazinc with propiolaldehydeacctal (142) : 


CH^C . CII(()( ' Jl5)2+n2N • NH2 = CH=C . CII=N • NII2+2C2H6OII; 

Propiolaldehydi'urotal I liter mediate* product 

(not isolated) 


C— CTT 

III 

cir X 

NH2 


CH— CH NH 



Intermediate Pyrasole 

product 


This synthesis proves pyrazole to have the formula indicated, and 
to be pyrrole with one of the CH-groups replaced by a nitrogen atom. 

It is crystalline, melts at 70'^, boils at IBS'", and is very stable. It is 
only a weak base, for its aciueoiis solution has a neutral reaction. 

Pyrazole has a much more aromatic charactei- than pyirole. It is 
very stable towards oxidation, and can be sulphonatcd and nitratc?d 
like benzene. The halogen atom in its monohalogen derivatives (;an 
be eliminated only with great difficulty. 

The identity of the 3-derivatives and the 5-derivativos of pyrazole is 
of theoretical interest, for the structural formula given indicates their 
dissilnilarit^^ After replaciunent of the hydrogen atom of the imino-group 
by alkyl or phenyl, the derivatives with substituents at positions 3 and 5 
cease to be identical. As migration of the hydrogen atom from one nitrogen 
atom to the other, with a simultaneous migration of the double bonds, 
makes position 3 equivalent to position 5, free pyrazole must be assumed 
to undergo this type of tautomorization readily; 


Nil 

2 

3 


N 

R 


R 


NH 


4 3 


399. The derivatives of pyrazole arc not impf^rtant, but there are 
valuable products related to its dihydride, jyyrazoline, Cnir6N2. Sub- 
stances of this type are prepared by condensing ethyl diazoac;etate 
with esters containing a double bond: 


CallsOOC-CH CH.C()0C2TT6 C2IT500C-CH- C-COOC2IT6 

II \ I II 

C2H500C-CH+ 1/^N =C2Hr.OOC.CII N 

N V/ 

NTT 

Oi'othyl fumarate • Triethyl pyrazolirictriearboxylato 
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Pyrazoline (I) is formed by the interaction of hydraziiu' liydrafe 
and acraldehydc. Brotninc converts it into j)yriizoIc. Pijrazolonc (II) 
is a kctonic derivative of pyrazoline: 


/\ 

H 2 C N 

1 11 : 

H 2 C— CH 

I. 


Nil 

/\ 

OC N 

1 1 ! 

112 C— c:h 
II. 


Substitution-products of pyrazolone are obtained by' the interaction of 
ethyl acetoacctate and phenylhydrazinc : 


CHs-C; 


C 0 II2 1 

CII3.C 

+ 

n / V \ u LJ H 

Tn TT TJ r 


N-CeHs. 


}fethyli)}u:nylpyrazolone is formed by this condensation. A similar 
process converts methylphenylhydrazine, C'«H 5 *NH‘NH*CII;}, and 
ethyl acetoacctate into a dimcthylphcnylpyrazolonc of the formula 


CIl3-C-N((ll3) 

!! >N-C6H.r,. 

IIC-CO 


This substance is termed “antipy'iine,” and was discovered by Knork. 
It is employed extensively in medicine as a febrifuge. It crystallizes 
in white leaflets melting at 113®. It cannot be distilled without under- 
going decomposition. It is readily soluble in water and alcohol, the 
a(iucous solution giving a red coloration wi<h ferric chloride, and a 
bluish-green coloration with nitrous acid. 

“Salipyrinc’' is a compound of “antipyrinc” and salicylic acid. 





CONDENSATION-PRODUCTS OF BENZENE AND HETERO- 
CYCLIC NUCLEI. 


I. QUINOLINE, CjIItN. 

400 . Quinoline is present in coal-tar and bone-oil, but is difficult 
to obtain pure from these sources. It is prepared by Skraup’s synthesis, 
descaibed below. It is a colourless, highly refractive liquid of char- 
acteristic odour, freezes at — 22*6°, boils at 236°, and at 0° has the 
density 1*1081. It has the character of a tertiary base, not possessing 
any hydrogen in union with nitrogen. It yields salts with acids, the 
dichromate, (C 9 H 7 N) 2 H 2 Cr 207 , dissolving in water with difficulty. 

Quinoline can be S 3 mthcsized by various methods indicating its 
constitution. Its synthesis was effected first by Konigs, by passing 
allylaniline-vapour over red-hot oxide of lead: 


H NH 

«Vh/'ch 

H CH2 

Allylaiiilinc 


H N 


-f20= 



+21120 


SKiiAUP’s synthesis consists in heating a mixture of aniline, glycerol, 
sulphuric acid, and nitrobenzene. In presence of sulphuric acid as a 
dehydrator, the glycerol loses water and forms acraldehyde, that 
substance uniting with the aniline to form an addition-product. 


C6H5*NH.CH2*CH2*Cq. 


In Konigs’s synthesis the oxidizer is the lead oxide; in this reaction it 
is the nitrobenzene, it becoming reduced to aniline. Arsenic acid can 
be substituted for nitrobenzene. 

VON Baeyer and Drewsen discovered another method of synthesis 
indicating the constitution of quinoline, and involving the reduction of 
o-nitrocinnamaldehyde. This compound becomes converted initially 
into the corresponding amino-derivative, the hydrogen atoms of the 

640 
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amino-group of this substance being eliminated subsequently along 
with the oxygen atom of the aldehyde-group : 



-H20 = 



o-Aminocinnamaldchydo 


H H 

Quinoline 


The last synthesis indicates quinoline to bo an or<Ao-substituted 
benzene, but leaves undetermined the constitution of the ring contain- 
ing the nitrogen atom. The method cmploj’cd for its investigation 
is based on oxidation to the dibasic acid quinolinic acid, 


N 


HOOC 

HOOC 



II 


Distillation with quicklime converts quinolinic acid into pyridine. 
These facts indicate quinoline to contain a benzene-nucleus and a 
pyridine-nucleus, with two ortAo-carbon atoms common to both. It 
may be regarded as naphthalene with the CH-group at 1 or 4 or 5 or 8 
replaced by nitrogen. 

The number of isomeric substitution-products is very large. The 
seven hydrogen atoms occupy dissimilar positions relative to the 
nitrogen atom, and consequently seven monosubstitution-products are 
possible. Twenty-one disubstitution-products are possible for similar 
substituents, whilst the number of the tri-dcrivatives possible, and 
that of the higher derivatives, are much gi’catcr. 

401 . There are three methods for the orientation of quinoline 
derivatives: 

First, the relative method ( 354 , 1). 

Second, oxidation. Usually this process removes the benzene- 
nucleus, leaving the pyridine-nucleus intact, thereby furnishing a 
means of identifying the substituents present in each. 

Third, Skbaup’s synthesis. This process is an important aid to 
orientation. It is applicable not only to aniline, but to many of its 
substitution-products, such as its homologues, the nitroanilincs, the 
aminophenols, and other derivatives. The quinoline compounds 
obtained have their substituents in the benzene-nucleus. In addition, 
this synthesis indicates the positions entered by the side-chains in 
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reactions employing an orlAo-substituted aniline or a paro-substituled 
aniline: 


(X 


N1I2 


can yield only 


Ortho 


X N 




Meta 



Obviouslj’’, each of the four possible quinoline derivatives with subsrit- 
uents in the benzene-nucleus can be prepan'd by Skraup’h syrdhesis. 

The nomenclature of the quinoline derivatives is indicated in the 
scheme 


N 


17 I ; 



Many of the known quinoline derivatives arc obtained by Skkaxjp’s 
method, a smaller number directly from quinoline. The sulphonic 
acids are prepared best by the second method. Fusion with potas- 
sium hydroxide converts them into hydroxy quinolines; and heat- 
ing them with potassium cyanide gives cyanoquinolines, hydrolyzable 
to carl)oxylic acids. 

Carhoatyril or 2-hydroxyquinoUne can be synthesized by the elimina- 
tion of water from o-aminocinnamic acid : 


N 


Ccll 4 




\cil 


-=CH 




NTT 



cr>Aminocinnamic acid 


Carbostyril 
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Foimula II must be ascrilwtl to the free compound, for its absorp- 
tion-curve in the ultravi(»let region almost coincides with that of a 
deiivativc methylated at the nitrogen atom (337). As carbostyril 
also has plamolic properties, being soluble in alkalis, and being repre- 
ciipitated from alkaline solution by carbon dioxide, it is susceptible of 
transformation into the tautomeric form I. 


II. isoQUINOLINE, QiHtN. 

402. moQuinoline. is pn'sent in coal-lar, and Hoogkwkhff and vax 
Dorp isolated it fn)rn tliiit material in the form of its sparingly soluble 
sulphate. It is a colourless substance with an odour like that of quinoline. 
It melts at 21°, and boils at 237°. It has the formula 



i.*foQuiiioliiic 


I'his constitution is indicated by its o.xidation to cinchomeronic acid and 
phthalic acid, in accordance with the scheme 



HOOC 
IIOOC^^^ 

Ciru’hoinorouic acid 


x/ \A.. 




I^NcOOII 

l^ycooii* 

Phthalic acid 


The synth('sis ftf i.soquinoline furnishes additional confirmation t)f the 
structure indicated. 


III. INDOLE, CgHjN. 


403. The relationship of indigo and indole is made evident by the 
following series of ti'ansformations, chiefly the discoveries of vox 
Uaeyer. 

With nitric acid indigo, Ci6Hio02N2, yields the oxidation-product 
isatin, C8II5O2N, also synth (‘sizable by the action of o-nitrobcnzoyl 
chloride on silver cyanide. Hydrolysis of the earbonitrile product;d 
gives o-nitrobenzoylformic acid: 


C«IT 4 < 


NO2 
CO- Cl 


1 

2 


C 6 H 4 < 


NO2 

CO-CN 


C' TT 

^ ‘^"'‘^CO-COOH. 


o-Nitrobcnzoyl 

chloride 


o-Nitrobcnzoyl 

cyanide 


o-Nitrobenzoyl- 
formic acid 


Reduction converts the nitro-group in this acid into an amino- 
group, and simultaneously eliminates water with the formation of 
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isatin, indicating the constitution of this derivative to be that given in 
the scheme 


C6H4< 




-N TIa 


CO-C 


O 


Oil 


o-Aminobciizoylformic acid 


C6H4<^^^^C*0H, 

Isatin 


/NH. 

or C 6 ll 4 <^^^ ^CO. 


Through reduction with zinc-dust and hydrochloric acid, isatin adds 
two hydrogen atoms, forming dioxindole, C 8 H 7 O 2 N. This comj)ound 
is produced also by the elimination of water from the unstable o-amino- 
mandclic acid, a reaction indicating its constitution: 


CoIT4' 


c 


NHIH 


iHOii— colon 


/NH 

-H20 = CgH4< >co. 

\CH 


o-Aminoniandclic acid 


OH 


Dioxindole 


The reduction of dioxindole by tin and hydrochloric acid gives 
oxindole, CsHrON, also obtainable by the reduction of o-nitrophcnyl- 
acctic acid and subsequent elimination of water: 


/NH H /NH 

C6TT4< ' 1 -H20 = CoH4< >C0. 

X:H2-COIoH \CH2 

^Aminophcnylacctic acid Oxindole 


Distillation with zinc-dust converts oxindole into indole^ CsHyN, 
indicating indole to have the structure 


C H 


NH 



Indole 


Indole therefore possesses a benzene-nucleus condensed with a pyrrole- 
nucleus. It displays some of the properties characteristic of pyrrole, 
being a very weak base, and giving a red coloration with hydrogen 
chloride. 

Indole is present in small proportion in coal-tar and in oil of jessa- 
mine. It can be isolated as potassium derivative with the metal in union 
with nitrogen by heating with potassium hydroxide the coal-tar frac- 
tion boiling between 240° and 260°. In spite of its characteristic and 
disagreeable odour, it is employed in the manufacture of perfumes. It 
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forms white leaflets melting at 52°, and is readily volatile with steam. 
Its picrate crystallizes in well-developed red needles. 

3-Methylindole or scatole, 

NH 

C6H4<^ ^CH, 

is present in faeces, and occasions the unpleasant odour. It is found also 
in a species of wood grown in India, and is formed in the putrefactive decay 
of proteins, or by fusing them with |X)tassium hydroxide. 

Tryptophan or indolealanine, C11H12O2N2, melts at 289®. It is an 
important decomposition-product of proteins (252, 5) and an indole deriva- 
tive. It is synthesized from indole by the action of chloroform and potas- 
sium hydroxide in alcoholic solution. 3~Indolealdehyde (I) is formed as an 
intermediate product, and with hippuric acid condenses to indolylbenzoyl- 
aminoacrylic add (II). Under the influence of sodium and alcohol, the 
double bond of this coinjiound adds two hydrogen atoms and the benzoyl- 
grouj) is eliminated simultaneously, with formation of racemic trypto- 
phan (III): 



Indigo. 

404. The constitution of indigo is inferred from its formation from 
isatin chloride, obtained by the interaction of isatin and phosphorus 
pentachloride. Reduction of isatin chloride by zinc-dust and acetic 
acid transforms it into indigo: 

H 

= CflH4 < CO > <CO > 


C6H4^ 
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As the action of sulphuric acid and subsequent reduction converts 

CoIl4-«J-C^NC6H4 _ ... 

di-{o~nilrophcnyl)-diacxtylene, • • , into mdigo, 

NO 2 NO 2 

the two isatin-rcsiduos in indigo must bo united by a carbon valency. 

Indigo has been known for a long time as one of the best blue 
dyestuffs. It is very fast, and is unaffected by light, acids, alkalis, 
or washing. It can be prepared from certain plants, among them 
IndUjofera sumatrana and I. arrecta. Formerly these plants were 
cultivated extensively in Bengal in India, the origin of the name of the 
dyestuff, and also in Java, (.Miina, Ja[)an, and South America. Since 
its introduction, synthetic indigo (405) has displaced the natural 
product to a very great extent, even in these countries, and the com- 
p(!tition became so k(;en as to lead to the abandonment of many indigo- 
plantations, and the financial ruin of their proprietors. The indigo in 
the plant is not in the free state, but exists chiefly in the leaves in com- 
bination as the glucoside indican, a crystalline substance extractable 
with hot water, and having the formula (b4lTi706N,3TT20. In addi- 
tion to the glucoside, the leaves <!ontain an enzyme, its activity resem- 
bling that of all enzymes in being destroyed by boiling water. In 
preparing indi(!an itself, it is neeossaiy to extract with water at that tem- 
perature. ('old water dissolves both the indican and the uncJianged 
enzyme, and the glucoside; decomposes into dextrose and indoxyl, 
C8H7ON or 

y Nil . 

CcH 4< >cir. 


a substance moderately stable* in aeiel solutiem, but in dilute alkaline 
solution quickly oxidizeel te) indige) by atmospheric oxygen. 

Indigotin is a dark-blue powder, a copper-like lustre being developed 
by milling. It can be sublimeel in vacuo, enabling its vapour-density 
to be determined. It is insoluble in most solvents, but can be crystal- 
lized from nitrobenzene and from aniline. It dissolves in fuming sul- 
phuric acid to form sulphonic acids. 

405. The great industrial importance of indigo has induced many 
attempts to synthesize it. One method is a commercial success, and 
enables the artificial product to be sold ^t a much lower price than that 
formerly obtained for natural indigo. It yields pure indigotin, an 
additional advantage. Anthranilic acid or o-aminobenzoic acid (347), 


C6H4< 


NH2 

COOH’ 


combines with monocbloroacetic acid to form phenyl- 


glydne-o-carboxylic add: 
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xNH |H+(:i| H2C • COoH yNII I H 2J C • I CO2 1 H 

C^(5H4v ^ OcTT4v I f 

\COOH \C|^|OH 

Phnnylglyciuc-o-carboxylic acid 


Fusion with sodium liydroxidc transforms this acid into indoxyl, 

/ ™ \ 

C(}Tr4\ the product in alkaline solution becoming con- 

\C(OH)^ 

verted by atmospheric oxidation into indigo. 

Another process involves the interaction of aniline and mono- 
chloroacetic acid to form phenylglycine, C^cHs-NH *0112 *00011, 
convertible into indoxyl by fusion with sodamide, NIl2Na: 



Nil 

CcH4<^^CIT2. 

CO 


Tautomeric form of indoxyl 


The reduction of indigo in alkaline solution adds two hydrogen 
atoms, with formation of indigo-white, Cicni202N2. It is a white 
crystalline substance, its phenolic character being indieat(‘d by its 
solubility in alkalis. In alkaline solution it is reconverted rapidly 
into indigo by atmospheric oxidation, a reaction employed in dyeing 
with this substance. The <lyestulT is reduced first to indigo-white, 
and the fabric is soaked thoroughly in an alkaline solution of that 
compound, subsequent exposure to air developing the indigo-blue on 
the fibres. The process is known technically as “ indigo vat-dyeing." 

The mode of reduction of indigo to indigo-white in the dyeing- 
industry depends on whether wool, silk, or cotton is to be d5'cd. For 
wool and silk the best reducer is a salt of hydrosulphurous acid, H2S204» 
(“ Inorganic Chemistry,” 82) or “ rongalite ” (io8). The solution is 
mixed with zinc hydrosulphite, and excess of milk of lime is added, 
zinc hydroxide being precipitated. The indigo is mixed with water, 
an I warmed at about 60° with the solution of calcium hydrosulphite, a 
concentrated alkaline solution of indigo-white being obtained in a short 
time. The addition of sufficient water to the solution in the dyeing- 
vat completes the preparation of the bath. 

An advantage of the hydrosulphite reduction-process is the limita- 
tion of the reduction to the formation of indigo-white, very little of 
the indigo being lost. 

Indigo is the oldest and most important member of the series of vat- 
dyestuffs. They include pigments insoluble in water, but characterized by 
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their ready reduction to a form soluble in dilute alkali, by their affinity 
in this condition for vegetable and animal fibres, and by their subsequent 
reoxidation on the fibre to the original insoluble condition. 

The vat-method of dyeing has great advantages over other processes, 
the fabric not requiring preliminary mordanting, and both the preparation 
of the bath and the operation of dyeing usually being effected at the ordi- 
nary temperature. A further advantage is the very fast nature of the colours 
imparted by these dyestuffs. 

Vat-dyestuffs derived from indigo, and otliers related to anthraquinone, 
are known. Those of the first type are the indigoidsy and contain the 
chromophoric group — CO • C r C • CO — . 

Substitution by halogen of the hydrogen atoms in the benzene-nuclei 
of indigo i>roduces a marked change in colour only after replacement of the 
h 3 ''drogen atoms occupying the pam-positions to the carbonyl-groups. 
Sy^nnielrical dihromoindigoy 



is the celebrated ^'Purple of the ancients employed in antiquity for 
dyeing Tyrian purjJe. Formerly it was obtained from the colour-yielding 
glands of the mollusc Murex hrayidaris in the form of a colourless substance 
converted into the dyestuff by the action of light. 

Thioindigo is a reddish-blue derivative with two sulphur atoms replacing 
the two imino-groups. The tint of the dyestuff can be altered by substi- 
tution so as to render possible the production of almost every shad(^ 



ALKALOIDS. 


406. Plants of certain families contain substances termed alkaloids, 
usually of complex composition and basic character. Their classifica- 
tion in one group is of old standing, and had its origin in a conception 
similar to that accepted for the vegetable acids (i) prior to the deter- 
mination of their constitution. These acids have Ixjen subdivided 
into such different types as monobasic, polybasic, aliphatic, and aro- 
matic acids; and the individual alkaloids can be arranged similarly in 
different classes. Most of the alkaloids are related to pyridine, quino- 
line, or iwMiuinoline, whilst a smaller number belongs to the aliphatic 
series. Some of the aliphatic members are described with the com- 
pounds of similar chemical character. Among them are betaine (242); 
choline (160); caffeine; and theobromine (272). Only alkaloid deriva- 
tives of pyridine are described in this chapter, the name alkaloids in its 
more restricted sense being applied to them. The other substances are 
known as vegetable bases. 

PROPERTIES. 

407. Only a few alkaloids, such as coniine and nicotine, are liquids, 
most of them being crystalline. Many are optically active and laevo- 
rotatory, it being very exceptional for them to exhibit dextrorotation. 
They have an alkaline reaction and a bitter taste. Most of them are 
insoluble in water, more or less soluble in ether, and readily soluble in 
alcohol. Most alkaloids are insoluble in alkalis, but dissolve in acids 
to fonn salts, some of the products being well-defined crystalline sub- 
stances. 

Some compounds precipitate many of the alkaloids from aqueous 
or acidic solution. Examples of such general alkaloidr-reagents are 
tannin (347), phosphomolybdic acid, and mercuric potassium iodide, 
KI,Hgl2 (“ Inorganic Chemistry,” 283). Some alkaloids are exces- 
sively poisonous. 

Strong tea can be employed sometimes as an antidote, the tannin pre- 
cipitating the alkaloid and rendering it Innocuous. 

Some of the alkaloids, such as quinine and strychnine, give very 
characteristic colour-reactions. Despite the obscure nature of these 
processes, they afford a reliable means of detecting even small quanti- 
ties of such alkaloids. 
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The complex structure of many alkaloids renders their inves- 
tigation a matter of extreme difficulty, and despite a century of 
unremitting toil the elucidation of the constitution of all these sub- 
stances is far from attainment. The research involves the identifica- 
tion of the well-known groups present in the molecule, such as Oil, 
OCH.'i, C=C, CO, and CHa; and also includes the determination of 
the particular ring of the carbon-nitrogen-nucleus in union with these 
groups. 

Study of the first problem has demonstrated most alkaloids to be 
tertiary amines yielding addition-products with methyl iodide. Many 
alkaloids contain acid-residues or methoxyl-groups, — OC^Ha. The 
acid-residues can be eliminated by saponification with hot bases or 
acids; and the methoxyl-groups can be removed as methyl iodide by 
Zkiskl’s method of heating with hydrogen iodide (220). Hydroxyl- 
groups can be detected in the ordinary way by means of aci<l chlorides 
or acetic anhydride. 

The investigation of the nucleus involves an attempt to break it 
down, good results sometimes having been obtained with powerful 
oxidizers such as potassium permanganate, chromic anhydride, and 
nitric acid. Distillation with zinc-dust and fusion with potassium 
hydroxide have been of service also. 

The alkaloids are pr(;scnt throughout the whole vegetable king<lom, 
but their distribution among the various plant families is very uneven. 
They are found chiefly in the dicotyledonous plants, certain orders of 
this class, such as Pajiaveraceae, SoUmacex, and lianunculaceie,, (;ontain- 
ing alkaloids in great abundance. Alkaloidal plants seldom have only 
a single alkaloid, but those occurring together in one plant arc generally 
closely related in structure. Alkaloids are found in all the parts of 
plants, but occur chitjfly in the tissues of vigorous growth, s{)roading 
thence to the rest of the plant and accumulating there. They never 
exist in the free state in the plants, but in union with acids such as 
oxalic acid, malic acid, succinic acid, and others. 

In the extraction of the alkaloids from plants the material is cut 
into fine pieces and lixiviated with acidified water in a conical vat 
tapering towards the bottom, and having at that position a layer of 
some material such as glass-wool or lint. The effect is to cause the 
acidified water to sink gradually through a thick layer of the substance 
under extraction, a process technically known as “Percolation.” Dye- 
stuffs, carbohydrates, inorganic salts, etc., are dissolved with the 
alkaloids. An alkaloid volatile with steam can be separated by this 
means from the liquid, provided the mixture has been rendered alkaline. 
A comparatively insoluble alkaloid can be obtained by filtration. 
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Further purification is always necessary, and is effected by crystallizing 
the free alkaloid or one of its salts several times. 

408. Constitution furnishes the best basis for the classification of 
the alkaloids. Pictet recognizes eleven groups: 

I. Aliphatic Bases. Methylamine, choline, Ixitaine, and muscarine 
(present in toad-stool, Agaricus muscarius)^ 

II. Tetrahydropyrrole Bases (395). Tetrahydropyrrole, C4H9N, 
has been detected in tobacco and opium. 

III. Pyridine Derivatives. Piperine (390), and coniine (409). 

IV. Iminazole Derivatives. Iminazole has the formula 


HC=CII 


HN N. 

x/ 

CH 


This class includes allantoine (271), a con.stitupnt of sugar-beet and of 
other substances. 

V. Alkaloids with Condensed Tetrahydropyrrole and Piperidine 
Chains. Atropine, and cocaine. 

VI. Purine Derivatives. Xanthine, caffeine, and theolrroinine. 

VI I. Aromatic Amines. Ilordcninc, and tyraminc. 

V'^III. Indole Derivatives. Strychnine. 

iX. Quinoline Derivatives. Quinine. 

X. fsoQuinoline Derivatives. Morphine, and narcotine. 

XI. Alkaloids of Unknown Structure. Aconitine, colchicine, cyti- 
sine, and so on. 

INDIVIDUAL ALKALOIDS. 


Coniine, CsHirN. 

409. The synthesis of coniine is described in 390. It is present in 
spotted hemlock (Conium maculatum), and is a colourless liquid of 
stupefying odour. It boils at 167°, is but slightly soluble in water, and 
is very poisonous. 


Nicotine, CioIIi4N2. 

410. NicMine is present in combination with malic acid and citric 
acid in the leaves of the tobacco-plant (Nicotiana tabacum). It is a 
colourless, oily, Isevorotatory liquid. It has a tobacco-like odour, but 
the smell is not so marked in a freshly-distilled sample as it becomes 
later. Nicotine boils at 246* 7°, and is excessively poisonous. It turns 
brown quickly in the air. It is a ditertiary base. Oxidation with 
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potassium permanganate converts it into nicotinic acid ( 391 ), indicating 
it to be a | 8 -derivative of pyridine. 

The constitutional formula of nicotine is 


CH2— CH2 



N 


I— CH CH2, 
NCHs 


with a hydrogenated pyrrole-nucleus methylated at the nitrogen atom, 
and a jS-substituted pyridine-nucleus. The formula also indicates 
nicotine to be a ditertiary base, and to be oxidizablc to nicotinic acid. 

Evidence in favour of this formula is furnished by Pictkt’s syn- 
thesis, the starting point being ^-amino-pyridine (I), its mucate being 
convertible by heat into 'N-(1i-pyridyl)-pyrrole (II) ( 394 ). Heating 
transfonns this nitrogen-substituted pyrrole derivative into a carbon- 
substituted pyrrole (III); and the action of methyl iodide changes the 
potassium compound of this substance into nicotyrine (IV), a product 
with four hydrogen atoms less than nicotine. Prior to its synthesis by 
this method nicotyrine had been prepared by the oxidation of nicotine 
with silver oxide. Nicotyrine can also be produced very readily by 
passing nicotine vapour over finely-divided platinum at 320°, two 
molecules of hydrogen being eliminated: 


H 

C=CH 



NH2 

I 




C:==CH 

V J -FT 

k. J 


N 


I. 


II. 


HC— CH 


—cl ill 




NH 



N 

III. 



HC— CH 

II II 

— c (::h. 

\/ 

N-CH;, 

IV. 


The pyrrole-nucleus of nicotyrine can be reduced by a circuitous way 
to a tetrahydropyrrolc-nuclcus, an optically inactive nicotine being 
formed. The laevorotatory isoraeride is identical with natural nicotine. 
The dextrorotatory form is much less poisonous than the Ijevorotatory 
modification, and also differs from it in other physiological actions. 

Nicotine dissolves in its own volume of water to form a sticky viscous 
liquid resembling glycerol. Warming renders this liquid turbid, and 
separates it into two liquid layers, the upiier being a saturated solution 
of nicotine in water, and the lower a saturated solution of water in nicotine. 

Systematic investigation of mixtures of nicotine and water in various 
proportions and at various temperatures has proved the two liquids to be 



§411] 


ATROPINE 


553 


miscible in all proportions below 60“ and above 208“. For this range of 
temperature the mutual solubility is limited. A graphic reprc.sentation 
of the solubilities (Fig. 79) gives a closed curve. The region inside this 
curve corresponds with two liquid 
layers, that outside the curve with 
miscibility in all proportions. 

The addition of nicotine to water 
at 90“ is followed init-Jly by complete 
solution. At a concentration of about 
6 per cent., the liquid separates into 
two layers, but again becomes homo- 
geneous as the proportion of nicotine 
reaches 82 i)er cent. When a solution 
containing 60 per cent, of nicotine 
arid 40 per cent, of water is warmed, 
two layers form at 60“, but heating 
the mixture in a sealed tube restores 
homogeneity at 200“. 

Other base's, such as /9-picoline 
and methylpiperidine, exhibit similar 
behaviour towards water. In most 
instances a completely closed curve 
is not obtained. The system phenol- Nicotinb- 

watcr gives only the upper part of 

the curve, for at low terrqKjratures the component phenol separates in 
the solid state before homogeneity has been attained. For the system 
triethylarniiu! — water it is possible to plot only the bottom part of the 
curve, the critical temperature of one of the components being reached 
before the liquid becomes homogeneous. 

Atropine, C17II23O3N. 

41 1. Atropine is present in. the berry of the deadly nightshade 
(Atropa belladonna) and in the thorn-apple, the fruit of Datura 
stramonium. It is crystalline, melts at 115*5°, and is very poisonoas. 
It exercises a “ mydriatic ” action, its dilute solution expanding the 
pupil of the eye, and for this reason it is employed in ophthalmic 
surgery. It is optically inactive. Heating it with hydrochloric acid or 
sodium hydroxide at 120° adds water and yields tropine and tropic acid: 

Ci7TT2303N-f-n20=C8Hij;ON4-CoH,o03. 

Atropino Tropine Tropic add 

It can be regenerated from these two substances by the action of hydro- 
gen chloride. Atropine is therefore the tropine ester of tropic acid 
(324). The constitutions of atropine and tropine arc 
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H2C— CH CH2 

N • CII3 CiTO • CO • CII • CH2OII and 


U2C— (’II (’112 


(^oHs 


Atropino 


I. II. 

Il2(^— cii CH2 

I 

N-CHs CHOH. 

I 

Il2(’— C’ll CII2 

Tropine 


This foi*iniila for tropine was proposed by Willstattek, and is based 
on the deconiposition-j)roducts of this substance. They are 

1. M cthylmccininude (I), indicating the presence of a tetrahydro- 
pyrrole-nucleus (395). 

2 . Tropidinc, obtained by elimination of water through heating 
with potassium hydroxide or dilute sulphuric acid: 

CsTIi r.ON -- IT2O = 

'J’rupmo I'rupiilinc 


Tropidine can be converted into «-cthylpyridinc (II), indicating 
tropine to contain a pyridine-ring. 

Eegonine (412) is a carbox3'lated tropine. It decomposes to siib- 
erone (III) demonstrating the presence of a ring of seven carbon atoms 
in the tropine molecule. Application of the usual nn^thods has proved 


trophic to be a tertiary i)a.se, and to contain a hydroxyl-group: 

CTl2~C;Os 



I. 1 

>N.CH3; 

H. 1 i 

CII 2 — co^ 


\^/C2ll6 ’ 



N 


cir2— CII 2 - 

-CH2\ 

>co. 

III. 

1 

CHa— CH 2 - 


An important synthesis of tropinone, th:^ ketone corresponding with 
tropine, has been effected by Robinson. It involves the condensation 
of butanedial, methylamine, and propanone: 


CHs-CHO H.CH2 

I 

+H2N.CH3+ CO - 


CH2CHO 

Butanedial 


HCH2 

Propanone 


CII2— CH CH2 

I I 

N-CH3 CO. 
CH2— CH (ilHz 

Tropinone 


Cocaine, C17H21O4N. 

412. On account of its value as a local anaesthetic, cocaine is the 
best-known of the alkaloids present in coca-leaves (Erythroxylon coca). 
It is crystalline, is readily soluble in alcohol, and melts at OS**. Heating 
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it with strong acids eliminates a benzoyl-group and a methyl-group, 
with fonnation of ecgonine (I), the constitution of cocaine l)eing repre- 
sented by II: 


CH2 • CH CH • COOH CH2 • CH CH • COOCH3 

N . CH3 CIIOH ; N . CHa CHO • COCcHs. 

CH2 • CH CH2 CH2 • CH CH2 

I. II. 


By bcnzoylating and methylating ecgonine, cocaine is regenerated. 
Ecgonine is a tropinccarboxylic acid. 

The first step in WiLiiSTATTER’s synthesis of cocaine is the inter- 
action of butancdial, methylamine, and the potassium salt of mono- 
methyl acetoncdicarboxylate to give the methyl ester of tropinonecar- 
buxylic acid: 

.,H CH2COOCH3 

^ I 

-l-HaN-CHa + CO 

CH2COOK 

I’otasHium 

Htitaiipciial mononipthyl 

uc*c‘tc>iu*di- 

carboxylatc 

CH2— C;H CH . (JOOCHa 

I I 

= N.CH3CO -I-CO2+KOH+H2O. 

I I 

Clla— (-H CH2 

Mfthyl tropinonpcjirboxylato 

Reduction of the ester of this ketonic acid with sodium-amalgam con- 
verts the CO-group into a CHOH-group, with formation of the methyl 
ester of ecgonine, 

CH2— CH CH . COOCH3 

1 I 

N.CH3CHOH 

I I 

CH2— CH CHz 

Benzoylation of this substance yields racemic cocaine. Both the optical 
isomerides of cocaine have also been prepared. 


Morphine, C 17 H 10 O 3 N. 

413. Morphine is the longest-known alkaloid, having been obtained 
from opium by SBRXUKNEn in 1806. Opium is the dried juice of the 
seed-capsules of Papaver somniferwn, a variety of poppy. It is a very 
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complex mixture, containing caoutchouc; fats; resins; gums; carbo- 
hydrates; proteins; mineral salts; meconinic acid, 

(CH:,0)2CcH2(CH20H) (COOH) ; 

some more organic acids and other substances; and alkaloids. Twenty 
of these alkaloids have been identified, morphine being present in 
largest pntportion, and constituting about ten per cent, of opium. 
Morphine is crystalline, and melts with decomposition at 230°. 
It is slightly soluble in water, is without odour, and is employed as an 
anodyne and narcotic. 

The reactions of morphine indicate one of its three oxygen atoms 
to form part of phenolic hydroxyl, proved by its solubility in alkalis; 
the second is present in alcoholic hydroxyl; and the third is united as 
in the ethers. Its distillation with zinc-dust yields phenanthrene, 
Ci 4 Hi(), these facts enabling the empirical formula to be expanded to 

CirH.oOaN = C;,H,r.N[C,4][0][OHj[HOH]. 


The action of methyl iodide on its alkaline solution methylates the 
phenolic hydroxyl, and the simultaneous addition of methyl iodide at 
the nitrogen (I) proves morphine to be a tertiary base. The product 
formed is identical with the methyl-iodide derivative of codeine. 
Aqueous sodium hydroxide eliminates hydrf)gen iodide from this sub- 
stance, and gives another tertiary base containing a like number of 
carbon atoms. It is termed a-methylmorphimethine (II). Heating 
methylmorphimethine with acetic anhydride yields a product free from 
nitrogen (HI), and one containing nitrogen (IV), The first is methyl- 
rnorphol or 4-hydroxy-^-ineihoxy-phe?ianthrene, convertible by further 
methylation into a synthetic product, dimcthylinorphol ( 386 ), a reac- 
tion indicating il,s structure. The second is dimethylhydroxyelhylamine, 
CH20II-CH2-N(CH3)2: 


CH;,0 -0^0112— CH 2 

o<] I 


IIO-CW- 

I 

C 1 I 2 - 


-CII 

-CH 2 / 


N^t^IIa 

^^lla 


CII 3 O • C 6 H 2 — CH 

< 

HO-CoTI- 


I. 


H 


CH 2 CH 2 • N(CH3)2 

II. 


CllaO. 

PjO>C6H2- 


m 


+ 


HO . CH 2 — CH 2 • N(CH3)2. 


CeH4— CH 

III. 


IV. 
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By combining these facts with others it has been possible to assign 
provisionally to morphine the structural formula 


H 

ho./^Nh 


O I |H 

Ha H2 


N-CH3 


It represents morphine as a combination of a partially-hydrogenated di- 
hydroxyphenanthrene containing an other-linked oxygen atom and a hy- 
drogenated pyridine-nucleus with its nitrogen atom in union with methyl. 

Heroine is the diacetyl-derivative of morphine; codeine is its mono- 
methyl ether; and thebaine is the dimethyl ether of a tautomeric modi- 
fication. 

Narcotme, C22H23O7N. 

414 . Narcotine is present in opium to the extent of about six per 
cent., its percentage being next to that of morphine. It is crystalline, 
melts at 176°, and is slightly poisonous. It is a weak tertiary base, its 
salts readily underg<)ing hydrolytic dissociation. It contains three 
methoxyl-groups, and has formula 1. Nomarcotine has the formula 
Cii)Hi 404 N( 0 H) 3 . The hydrolysis of narcotine yields cotamine (II), 
a derivative of isoquinoline, and the anhydride of meconinic acid, or 
meconin my. 

0CII3 


CH 2 < 


OC-C|' 

oc-cl 


N-CITa 

CIIz 


-C 


-CH 

6-OC-C 


CltiO-C's^'CH 


CII CH2 


I. 

Narcotino 


0CH3 
C CHOH 


PH 


NCHs OCC 
CH2 CHaO-C 


OCH3 
O CH2 

I C 

OC-C./^jCH 

laO-cl JcH 


CH CH2 


II. 

Cotamine 


OCH 3 


III. 

Meconin 
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Quiniii6y C20H24O2N2. 

415. The barks of certain trees of the Cinchona and Remya families 
contain a great number of alkaloids. The most important of them, on 
account of its anti-febrile effect, is quinine. Cinchoninef C 19 H 22 ON 2 , 
is the next best-known. Its physiological action is similar to that of 
quinine, but is less pronounced. 

In addition to alkaloids, these barks contain various acids such as 
quinic acid, quinovic acid, and quinotannic acid; and neutral substances 
such as quinovin and quina-red also are present. 

Quinine is very slightly soluble in water, and is Isevorotatory. In 
the anhydrous state it melts at 177°, but the trihydrate melts at 57°. 
It is a strong base, and both nitrogen atoms are tertiary. It unites 
with two equivalents of an acid. In dilute solution the salts of quinine 
e.xhibit a splendid blue fluorescence, a property serving as a tost for the 
base. 

The constitution of quinine has been elucidated, chiefly through 
the researches of Skraup and of Konigs, the latter assigning to it the 
formula 


CII 


I. 



according with the following properties of quinine. Its fusion with 
potassium hydroxide yields quinoline, \^methylquinoline or lepidine 
and p-methoxyquinoline from the part of the molecule numbered I in 
the structural formula; and /S-ethylpyridine from part II. Its oxida- 
tion gives a/Sy-pyridinctricarboxylic acid, also from part I. In addi- 
tion, quinine is a ditertiary base, and contains a hydroxyl-group and 
a methoxyl-group. Its additive power indicates the presence of a 
double carbon bond. 
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Cinchonine has the simplest structure of any of the cinchona alkaloids, 
and differs from quinine in having methoxyl replaced by hydrogen. The 
other cinchona alkaloids are stereoisomerides of either cinchonine or 
quinine, exemplified by dnchonidim and quinidine; or they contain two 
additional hydrogen atoms, as in hydroquinine and its stereoisomerides, 
the vinyl-group CH*’ JH — having been changed into an ethyl-group. 
In cupreine a hydroxyl-group takes the place of the methoxyl-group of 
quinine. 

The synthesis of the cinchona alkaloids from derivatives of quinoline 
and piperidine has been attained. 


Strychnine, C21H22O2N2. 

416. Three extremely poisonous alkaloids, strychnine, brucine, and 
curarine, are present in the seeds of Strychnos nux vomica, as well as in 
others of the Strychnos family. Little is known of the chemical nature 
of curarine, although it has been much studied from a physiological 
standpoint, its administration in small doses producing total paralysis. 
Strychnine and brucine cause death, preceded by tetanic spasms or 
muscular contraction; and curarine therefore is emidoyed as an antidote. 

Strychnine is crystalline, melts at 265°, and is almost insoluble in 
water. It is a monohydric tertiary base, only one of its nitrogen atoms 
exhibiting basic properties. Its fusion with potassium hydroxide yields 
quinoline and indole, and its distillation with slaked lime gives jS-picoline 
(389). Heating with zinc-dust produces carbazole (382) and other 
substances. 

In view of investigations made in conjunction with the late W. H. 
Pkkkin, jun., Robinson considers the chemical properties of strychnine 
to be represented most completely by the formula of Fig. 80. 



<? CH, 




r 


CO CH ^**2 




Fia. 80. — Robinson’s Strychnine-formula. 
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The addition of the two carbon atoms and the seven hydrogen 
atoms shown in the formula must be assumed to involve the formation 
of two new rings, one of them being a bridged-ring. 

Brucine differs from strychnine in having methoxyl-groups as sub- 
stituents at positions 5 and 6. 
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A. 

Abbreviated IhermometerR, 29. 
Arderhaeden, 319. 

Absolute alcohol, 52-54. 

Acetal, 121, 122. 

Acetaldehyde, 62, 116, 121 - 125 , 127 , 

128 , 144 , 149, 158, 160, 161, 163, 
169 , 203, 204, 206, 229, 266. 267 , 
284, 297, 392, 455, 492, 526, 527. 

-ammonia, 121 , 526. 

Synthesis of, 143 , 144, 169. 

Acetals, 121 , 122 , 166. 

Acetamide. 113. 

hydrochloride, 113. 
Acetaminohydrazobenzene, p-, 385. 
Acetates, 98. 

Acetic acid, 1, 14, 51 , 55, 83, 92, 93 , 96 - 
98 , 103-108, no, 117, 129, 144, 
155, 169 , 182, 196 , 197 , 201, 227, 
241, 255, 282, 284-286, 383, 386, 
402, 414, 454, 488, 524, 535, 545. 
Chloro-, 182, 195 - 197 , 202 , 297, 
300, 546, 547. 

Klectrol 5 ^sis of, 386. 

Cdacial, 14, 28, 96 , 97, 378, 610. 
Synthesis of, 96, 144 , 169 , 197 . 
anhydride, 105 , 120 , 122, 197, 233, 
262, 278, 281, 404, 414, 442, 455, 
537, 550, 556. 

Acctoacctic acid, 284. 
ester. S<>e ethyl acetoa/xtate. 
synthesis, 285-288. 

Acetoanilidc, 378 , 381, 431. 

Acetoforric acetate, 98. 

Acetolysis, 279. 

Acetone, 14, 51 , 55, 66, 78, 117, 119, 120, 

129 , 130 , 137, 138, 143-145, 148, 
149, 159-161, 163, 167, 169 , 222 , 
228, 267, 269, 281, 285, 294, 358, 
426, 481, 499, 654. 

Synthesis of, 169. 

Acetonitrile, 89. 

Acetonuria, 130. 

Acetonylacetonc, 229 , 288, 536. 


Acct<ophcnonc, 402, 403, 413 . 

Acetoxime, 120 , 2t)4. 

hydrochloride, 120 . 

Acctyl-ace 1 ;<)no, 228 , 290. 

-aminoglucose, 282. 
chloride, 104 , 105 , 106, 120, 197, 224, 
228, 284, 289, 331, 399, 403, 444, 
530. 

-c;oiimaric acid, 454. 

-group, 94. 

-mesidine, 460. 

-phenetidine, 433. 

-salicylic; acid, 440. 

Acetylene, 141 - 144 , 159, 164, 165, 169, 
22.5, 323, 357, 413, 623, 526, 536. 
bromide. See dibromoelhane, 1 : 2 -. 
-dicarboxylic acid, 192. 

Acid-albumins. See mda-proieins. 
amides, 112 , 113 , 282, 341, 342, 399 . 
anhydrides, 105, 185-187. 
azides, 114, 339, 340. 
chlorides, 104 , 105 , 112, 117. 
decomposition, 285 , 286, 287. 
hydrazides, 114. 

-ureidcs. See ur&des. 

Acids, CnHjnOs, 37, 91 - 103 * ^3, 116, 
152, 169, 171, 172. 

CnHsn-sOs, 162-1.56. 

CnII*n- 40 !, 166, 167. 

0411,02, 163, IM. 

Acidylglycollic acid esters, 306. 
Aci-modifications, 409, 410. 

Aconitic acid, 194. 

Aconitine, .551. 

Acrahlehyde, 150, 158 , 170 , 237, 266, 
626, *539, 540. 

-acetal, 159. 

-ammonia, 158 , 526. 

-aniline, 540. 

Acrolein. Sec aeraldehyde. 

Acrosc, 237. . 

Acrylic acid, 150, 162, 153 , 158, 298.*^ 
Active group, 235 , 251, 262, 256-260^ 
262, 279, 280. 

Addition-reactions, 204. 
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Adipic acid, 178 , 471, 472, 513. 

Adjacent compounds, 3G8. 

Atlrenaline, 455. 

Aetio-phyllin, 535. 

-porphorin, 535. 

Agaricus inuscariusj 551. 

Air-condenscr, 18. 

Alanine, 297 , 300 , 31G-318. 
d-, 303. 

303. 

nitrile, 297. 

Albumin, 271, 309, 310 , 315, 320. 

A Iburninatcs. See meta-protei m . 
Albuminoids. See sclero-proieina. 
Albumins, 308, 309, 310 , 311, 312 , 313 , 
314. 

Albumo.se, 312. 

Alcohol. See ethyl alcohol. 

Alcoholates. See alkoxides. 

Alcoholic fermentation, 51 , 52 , 264 - 267 , 
208,301. 

Alcohols, Aromati(^, 412. 

CiiHo„_,,.OTI, 46 62 , 67 72, 74, 76, 
78, 104-100, 113, 121, 131, 342. 
Higher, 51, 61 , 272. 

Alcoholysis, 112. 

Aldehyde, See acetaldehyde. 

-resin^ 123 , 124. 
sulphite compounds, 118, 119. 
Aldehydes, 115 - 128 , 132, 142, 143 , 104, 
106-168, 177, 200, 234, 293, 350, 
400 - 402 . 

Aldehydo-acids, 283. 

-alcohols. See carbohydrates^. 

Aldirnine hydrochloride, 117, 118. 
Aldohexoses, 231 , 233 , 247. 

Aldol, 123 , 124 , 159. 

Aldopen loses, 247. 

Aldoses, 231 , 232, 241, 246, 282. 
Aldoximes, 120. 

Alicyclic compounds, 14 1 , 349, 351 355 . 
Alijihat.ic compounds, 31, 32, 33 348 , 
349. 

Alizarin, 513, 517 - 519 .^ 
diacctate, 519. 

Alkali-albumins. Sec meta-proteins. 
Alkaloidal plants, 550. 

Alkaloid-reagents, 549. 

Alkaloids, 272, 445, 544 - 560 . 

Alkaiials, 115-128. See also aWc/iydcs. 
Alkane-carboxylic acids. See addsj 
CnTT2n()2. 

-diols. Sec glycols. 

Alkanes. See hydrocarbons, 2 . 

Alkanolates. See alkoxides, 

Alkanols. S<'e alcohols, Cnll 2 ii+ 1 -OH. 
Alkanones, 115-121, 129, 130. See also 
ketones. 

cyclo-, 352 , 353. 

Alkenes, 131 - 141 , 167, 354. 

Alkoxides, 46, 61 , 62 , 67, 68 , 69, 71, 72, 
92, 95, 131. 


Alkyl-anilines, 382. 

-groups, 35. 

halides, 64 - 66 , 67, 69, 70, 76, 77, 85, 
131, 137, 148, 161. 

-hydrazines, 80. 

magnesium halides, 87 , 91, 106, 107, 
119. 

nitrites, 81. 

-nitrolic acids, 82 , 83 , 410. 

-sulphinic acids, 74. 

-sulphonic acids, 74. 

-sulphonyl chlorides, 74 . 

-sulphuric acids, 66 , 67 , 73, 133, 134. 
Alkylureas, 337, 338. 

Alkylt^nes. See alkenes. 

Allantoine, 344 , 551. 

AZZocinnamic acid, 415. 

Allotropy of carbon, 17. 

Alloxan, 343 , 344-346. 

Alloxantine, 343. 

Allyl alcohol, 148, 149, 150 , 158, 160 
169, 173, 181 , 182 . 

-aniline, 540. 
bromide, 148 , 166. 
chloride, 118. 
cyanide, 154. 
iodide, 148 , 150, 152, 154. 
isoi hiocyanate, 329. 
mjignesiiim bromide, 154. 
sulphide, 150. 

Allylene, 141, 142. 

Aluminium ac(^tate, 98, 498. 
ac(ityla(;etone, 228, 229. 
mellitate, 451. 

Amber, 184 , 376. 

Amic acids, 181. 

Amidines, 114. 

Amidoximes, 114. 

Amine hydrohalides, 76, 77. 

Amines, 75 - 80 , 84, 90, 120 , 353, 371, 377 - 
388 , 389, 395, 435, 450, 550. 
Amino-acetic acid. Sec glycine. 

-acids, 267, 297 - 302 , 303, 315 , 316 . 
Copper salts of, 297, 298. 

Di-, 316. 

Dibasic mono-, 297, 316 , 317. 
Hydroxy-, 316. 

Monobasic mono-, 316. 

Test for, 298. 

-alcohols, 175. 

-aldehydes, 282. 

-anthraquinone, 2 -, 520. 

-azo-benzene, 395 , 434, 436, 437. 
-compounds, 395. 

-dypstuffs, 435-437, 509. 
barbituric acid, 345. 

-benzcnesulphonic acid, p-. Sec sul- 
phanilic axnd. 

-benzoic acid, o-. See anthranilic 
cand, 

acids, 446 , 447 , 464, 465. 
-benzoylformic acid, o-, 543, 644, 
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Ainino-bui 3 rric acid, 3-, 298. 

Lactam of 3-, 298. 

-caproic acid, 1 : 5-. See lysine. 
-chlorides, 113. 

-cinnarnaldchyde, o-, 540, 541. 
-cinnamic acid, o-, 542. 

-ethanol. See colanine. 

-ethyl alcohol. See colamine. 

-glutaric acid, 1 -. See glutamine. 
- 4 -guanino- 7 i-valeric acid, 1 -. See 
.arginine. 

-isohutylacetic acid, 1-. Sec leucine. 
-ketones, 282. 

-mandelic acid, o-, 544. 

- 2 -methyl valeric acid, 1 -. Sec iso- 
leucine. 

-naphthalene, 458, 459. 

-naphl.hol, 1 : 2-, 510. 

-nonylic acid, 8 -, 157. 

-phenol, 0 -, 432. 

387 , 422, 429, 432, 433 - 
-fdienols, 432, 433. 

-phenyl-acetic acid, o-, 544. 

-arsinic acid, />-, 433. 
-/^-acetarninophenylamine, p-, 385. 
-propionic acid, 1 -. S(‘e alanine. 
2-, 298. 

-pyridine, 2 -, 525. 

3-, 552. 

mucato, 3-, 552. 

Sodium derivative of, 2 -, 525. 
-succinamic acid. See asparagine. 
-succinic acid. Sec aspartic add. 
-thiophen, 537. 

hydrochloride, 537. 

-valeric acid, 1-, 310. 

Ammonium carbamate, 339. 
cyanide, 325- 
formate, 324. 

^socyanate, 330. 
oxalate, ISO, 322. 
picrate, 421. 
succinate, 187. 
zinc lactates, 220 . 

Amygdalic nitrile glucoside, 324. 
Arnygdalin. Sec amygdaloside. 
Amygdaloside, 230, 324 , 401. 

Amyl acetate, i\so-, 100. 

alcohol. Normal i)rimary, 48 , 49 , 72, 
131, 202, 512. 

alcohols, 48 , 49 . 57 , 58 , 69, 361. 

-amine, iso-^ 90. 
bromide. Normal primary, 05. 
chloride, Normal primary, 05. 
iodide. Normal primary, 65. 

Optically active, 59. 
isovalerate, tso-, 106. 
nitrite, 227, 486. 

-sulphuric acids, 135. 

Amylase, 268. 

Amylene, Normal. See pentenCj normal. 
Amylenes. See pentenes. 


Amylocellulose, 276. 

Amyloid, 278 , 281. 

Amyloses, 279 , 280. 

Anscsthetics, 102 . 

Analysis, Exam})le of, 9, 10. 

Angelic acid, 152. 

Anhydro-bases, 432. 

-formaldehydeaiiiline, 379. 

Anilides, 378. 

Aniline, 232, 240, 280, 371, 379 , 380 , 381, 
387, 388, 390, 304, 395, 397, 401, 
400, 429, 431, 432, 434, 464, 494, 
495, 513, 540, 546. 

-black, 434. 

-blue, 495. 

-dyc^sl-ulTs. See coal-tar colours an<l 
di/csfujfs. 

hydroarsemate, 433. 
hydro(!hloride, 380, 382, 395, 495. 
hydrogen sulf)hate, 433. 
nifrate, 389, 390. 
sulphate, 432. 

-yellow, 430. 

Animal fats, 31, 99 - 101 , 171 , 172 , 272. 
Anisole, 376. 

Ansciii'tz, 514. 

Anthocyanulins, 443 , 444. 

An<ho(\yanins, 296, 443 . 

Anthracene, 504, 513 - 515 , 517-519. 

-oil, 360 , 504, 514, 521. 

Anthraflavonic ac^id, 520. 

Anthranilic. acid, 446 , 461, 510. 
Aiilhranol, 517. 

Anthra(iuiiiol, 516, 517. 

Disodiiim (lerivative of, 516. 
Anthraejuinone, 515 - 517 , 518-520, 548. 
oxime, 516. 

-sulphonic acids, 518. 

Anihrone, 517. 

“ Antif(»brine.'^ See ncctoanilide. 
Antioxygens, 402. 

“ Antipvrine,” 539. 

Antiseptics, 163, 161, 375, 376, 440. 
Apiose, 240, 250 . 

Apricot-stones, 239. 

Arabiiiosazone, 239. 

Arabinose, 236 , 238 - 240 , 216, 248-250- 
-methylj>hcnylhydrazone, 246. 

Arabitol, 172 , 173 , 236, 240. 

Arabonic, aciil, 239. 

Arginine, 316 -318, 341 . 

“Argol,’^ 212. 

Aiimstu()N(j, II. E., 373. 

Aromatic compounds, 32, 349 , 356 - 522 . 

hydrocarbtnis, 359-368. 

AunHKNirs, 110. 

'^Arsacetin,” 433. 

Arscnobfmzenc, 406. 

Arsines, 84, 8 s. 

Arsinobenzene, 406. 

Artificial camphor, 485. 
honey, 532. 
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Asparagine, 219, 30 X, 302 . 

Aspartic acid, 302 , 313, 317, 318. 

A spent la odorata^ 454. 

Asphalt, 37. 

Artificial, 37. 

“Aspirin.” See acetylsalicylic arid. 
Asymmetric carbon atoms, 59 - 61 , 176, 
302 — 304 , 

metallic atoms, 222 , 223. 
nitrogen atoms, 222 . 
phosphorus ai.oms, 222 . 
selenium atoms, 222 . 
silicon atoms, 222 . 
suli>hur atoms, 222 . 
synthesis, 272, 273. 
tin atoms, 222 . 

Asymmetry, Molectilar. See molecular 
asymmetry. 

Atomic structure, 304. 

Atoms, Law of the even number of, 43. 
“Atoxyl,” 433. 

Atrolactinic acid, 411. 

Atrolactinonitrile, 411. 

Atropa belladonna, 553. 

Atropic acid, 411. 

Atropine, 411, 551, 553 , 554 . 
Autocatalysis, 335. 

Autogenous welding, 144. 

Auxochromes, 497 , 498 , 520. 
Axial-substitution, 223. 

Azelaic acid, 155, 178 , 184. 

Azo-benzene, 384 , 385 , 388, 406, 435. 

-dyestuffs, 432, 435“437* 
Azoxy-benzene, 384 , 385, 387, 388. 

-phenctolo, p-, 384. 

Azulminic acid, 323. 


B. 

Bacillus acidi Icevolactici, 220 . 
amylohacier, 57. 
macerans, 279. 

Bacteria, 267. 

Bakkeland, 376. 

“Bakelite,” 376. 

Baeyek, von, 132, 139, 140, 187, 192, 
265, 266, 296, 305, 402, 476, 499, 
532, 540, 543. 

Bailey, 110. 

Bain, 101. 

Balsam of Peru, 397. 

Tolu, 356 , 397. 

Barbituric acid, 345. 

Barium acetate^ 155. 
carbide, 324. 
cyanide, 324. 
cthoxide, 62. 
ethylsulphate, 66 . 
stearate, 155. 
thiocyanate, 328. 
trithiocarbonate, 334. 


Basic substancei^ 76. 

Bathochromic effect, 496, 497. 
Baijmann-Sciiotten reaction, 399. 
Baumhaueii, von, 53. 

Beckmann, 120. 

-transformation, 120 , 157, 328. 

Beeu, 501. 

Beer, 54 , 96, 

Beeswax, 106. 

Bchenolic acid, 198. 

Bkilstein's test, 4. 

Benzal-aniline, 379. 

chloride, 400, 408 , 414, 492. 
Benzaldehydc, 246, 250, 324, 379, 387, 
396, 398, 399, 400 - 402 , 411, 412 , 
413, 414, 475, 492, 502, 530. 
-ammonia, 401. 

-phonylhydrazone, 246, 402 . 

Ben zald oximes, 404. 

Benzamide, 397 , 399 . 400. 
Benzan/iakloxirne (a), 404. 

Benzene, 14, 27, 54, 87, 143, 278, 315, 
333, 349, 356 - 368 , 369-371, 373, 
384, 403, 407, 416, 417, 418- 422, 429, 
434, 43 ( 5 , 447, 464 , 465 , 472, 473 , 
475, 491, 492, 501, 505, 514-516, 
521, 524, 525, 535-537. 
-azotoluidine, 395. 

Constitution of, 363-367. 
-diazohydroxide, 394. 

-diazonium chloride, 391 395 , 435, 
436. 534, 537. 

hYclroxido, 387, 390 , 391 , 394. 
nitrate, 389, 390. 
sulphate, 391^ 392. 

-sulphonic acid, 432. 
xanthate, 392. 

-disulphonic acid, in-, 419 , 422. 

0 -, 419. 

P-, 419. 

Molec'ular weight of, 10. 
-sulphonamide, 373. 

-sulf)hoTiic acid, 357 , 373 , 393, 473, 
485, 537. 

-sulphonyl chloride, 373. 
-syTidiazo-chloride, 393. 

-hydroxide, 391 , 393. 

Benzhydrol, 403. 

Benzidine^ 385 , 491, 492, 509. 

-diazonium chloride, 609. 
sulphate, 385. 

-transformation, 385. 

Benzil, 503. 

dioxime, 503. 

Bcnzilic^acid, 490, 503 . 

“Benzine,” 36. 

Benzoic acid, 26, 278, 299, 315, 356, 
396 - 398 , 399, 400, 402, 408, 411, 
412 , 413, 414, 437, 438, 467, 476, 
491. 495, 507, 532. 
anhydride, 399. 
iminoether, 399. 
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Benzoic acid -o-sulphonamide, 438. 

sulphinide, o-. Sec saccharin.*^ 
Benzoin, 502 , 503 , 630. 

Benzo-nitrile, 397 , 400 , 404, 412. 
-phenone, 403 , 492, 501. 

-oximes, 404. 

-piirpiirins, 609. 

-quinone, 424, 429 , 430 , 432, 434, 463, 
475, 493, 499, 510..^ 
dioxime, 430. 
morn)-oxime, 422 , 430. 

-tri(diloride, 396 , 408. 

Benzoyl-benzoic acid, o-, 516. 

(jhloride, 397 - 399 , 403, 409, 455. 
-formic acid, 273. 

-hyiiro^i^on peroxide, 402. 

-st'riiK*, 317. 

B(‘nzpinacol, 403. 
l^('nzs?//ialdoxime or iso), 404. 

Berizvl alcohol, 396, 400, 401, 411 , 412 , 
414. 

-amine, 400, 412 , 513. 
bromide, 407, 408. 

chloride, 407 , 408 , 411, 412, 492, 502. 
cyanide, 411. 
halidc's, 407, 408. 
iodide, 408. 

Benzylidenci-aniline, 401 . 

-f)henyl hydroxy larnine, 387. 

Beu(;itts, 36, 

Bori-beri, 272. 

BEnTmiFiOT, 1 , 25, 107. 

Hkiizklu’s, 1. 

297, 300 , 549, 551. 
lielaines, 300, 

Beyioionc'k, 269. 

Bimolf'cniar form, 600. 

H'aclions, 77, 110, 111, 230. 

B loses. S('(‘ diosos, 

Biot, 60. 

Bismarck-1 jrown, 436. 

Bismuth men^apt ides, 72. 

Bitter almonds, 171, 270, 371, 401. 

Oil of. See oil of bitter alrntyndsi 
Biuret, 310, 338 . 

-reai'lion, 310 , 312, 315, 319, 320, 
338 . 

Blasting gelatine, 171. 

Blood, 170, 314 . 

Bokseken, 361, 424, 425, 474. 

Bonn, 304. 

Boiling-])oint apparatus, Eykman's, 15- 
17. 

Determination of, 28, 29. 

Bondt, 166. 

Borneo (jamphor. See horneoL 
Borneol, 486, 488. 
iso-, 488. 

Bomyl chloride, 488. 
format^e, iso-, 488. 
fumarate, 273. 
pyruvate, U, 273. 


Bourqublot, 261. 

Bragu, Sir William, 61. 
Brain-substance, 127, 175. 

Bran, 239. 

Bran(?hed chains, 43. 

Brandy, 54. 

Brassidic acid, 156 , 198, 199. 

Brassylic acid, 178. 

Bubdig, 306. 

Brkdt, 487. 

Brigham, 97. 

Brisant effect, 171 , 281, 330. 
Bromination-method of Victor Meyer, 
165. 

Bromo-acetaldehydc, 237. 

-acetic acid, 196. 

-acetyl idene. See hronioethync. 
-anthraquinone, 516. 

-benzene, 10, 357, 360, 363, 369 , 370 , 
380, 381, 392 , 397, 406, 419, 464, 
607. 

-sulphonic acids, 419. 

-benzoif! acid, m-, 461, 462. 

P-, 437, 462. 

-benzophenone, 404. 

-benzoylbenzoic acid, 516. 

-butylcme, 138. 

-camphorsulphonic aiads, 222 . 

-eriicic acid, 198. 

-ethenc*. Sec vinyl bromide, 
-ethylamine, 450. 

-ethyne, 149. 

-t.sobutyric acid, 154. 

-naphthalene, a-, 507. 

-phenol, 0 -, 420 , 467. 

7)-, 420 , 467. 

-phthalic anhydride, 516. 

-propionic, acid, 1 -, 204, 305. 

-propene -1, 2-, 149. 

-succinic acid, 189. 

-thio])hen, 636. 

-toluenes, 407. 

Bromoform, 163. 

Brucine, 559, 660. 

BrUYN, liOHRY DE, 62. 

BircHER, 325. 

Buciinku, Eduard, 265. 

Bx^nsen, 85. 

Butanal. See butyraldehyde. 

Butane, 34, 35 , 38 , 39, 43. 

-carbonyl-group. See valeryl-group, 
cyclo-, 351 , 352. 
derivatives, cyclo-, 351, 362. 

-1 : 4-dial, 226 , 533, 654, 555. 

-2 : 3-dionc. Sec diacetyl. 

Butanol-1. See butyl alcohol, normal 
primary, 

-2. See butyl alcohol, normal secondary, 
cyclo-, 352. 

Butanols. See hvtyl alcohols. 

Butanone, cyrlo-, 352. 

- 2 -carboxylic-l acid. Sec Uemlic add. 
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Butene, 2-, 132, 196. 
cyclo-, 351, 362. 
iio-, 133, 137 , 138. 

Normal, 131. 

Butlkhow, 138. 

Butter, 99, 171 , 172 . 

of antimony, 356. 

Butyl-acctylonc. See hexyne. 
alcohol, is(H, 48, 56. 

Normal primary, 48 , 49 , 56 , 57 , 
112, 267. 

secondary, 48 , s 6 > S7> 11^9. 
alcohols, 48 , 49, s 6 , 57. 

-amine, n- 79. 
cycl(h-f 351. 

bromide, Normal primary, 65. 
bromopropionate, iso-, 205. 

-carbinol, 48 , 57, 301 . 

Secondary, 48 , 57, 58, 301 . 

Tertiary, 48. 

-carboxylic acid, cyclo-y 351. 
chloride, Normal primary, 65. 
derivatives, cyclo-. See butane deriva- 
tires, cyclo-. 

-group, 35. 
iodide, iso~, 137. 

Normal primary, 65. 

secondary. See iodobutane, 2-. 
Tertiar>% 133, 137. 

-sulphuric acid, Tertiary, 133. 
Butylene, vyda-. See butene, cyclo-. 

ISO-. See butene, iso-. 

Normal. See butene, normal, 
pseudo-. See butene, 2-, 
Butyraldehyde, Normal, 115. 

Butyric acid, iso-, 98 , 99 , 200 , 487. 

Normal, 93 , 98 , 99 , 103, 123, 153, 
154, 171, 196, 233, 355. 
acids, 98, 99. 
fermentation, 99 , 267. 

Butyrolactone, 3-, 202 , 206. 

Butyryl chloride, Normal, 115. 

-group, 94. 

C. 

Cacodyl, 85. 
chloride, 85. 
oxide, 85. 

-test for acetai.es, 85, 98 . 
Cadaverinc. See perdamethylene- 
dinmine. 

Caffeine, 345-3499 649, 551. 

Calcium acetate, 51 , 06 , 117, 129, 169. 
Calcium acetylene. Sec calcium carbide. 
adipate, 352, 471. 
benzoate, 356. 

butanedicarboxylate. See calcium 
adipate. 

carbamate, 339. 
carbide, 144 , 330. 
citrate, 224. 
cyanamide, 330. 


Calcium ethylsulphate, 06. 
glycollate, 202 . 
hydrosulphite, 547. 

-isobutyrate, 99. 

-?i-butyrale, 99. 
oxalate, 185. 
pimelate, 471. 
salicylate, Basic, 440. 
succinate, 185. 
tartrate, 212 . 

Calculation of formulae, 8-17. 

percentage-composition, 8 - 10 . 
Calico-printing, 98, 224. 

Camphanc, 484 , 488. 

-group, 485. 

Camphor, 14, 353, 485 - 488 . 

Artificial, 485. 

-odour, 485, 486. 

-quinone, 486. 

Synthesis of, 487, 488. 

Camphoric acids, 486-488. 

anhydride, 486. 

Carnphoronic acid, 487. 

Camphors, 363, 471, 485 - 488 . 
Cane-sugar. Si^e sucrose. 

Cannizzako^s reaction, 125, 220, I'viO 
401. 

Caoutchouc, 127, 144, 145, 105, 334, 
4 ^ 88 - 490 , 556. 

Capric acid, 93 , 129, 155 , 286 , 476. 
Caproic acid, 93 , 171. 

Caprylic acid, 93. 

Caramel, 252. 

Caranc, 484. 

Caraway oil. See oil of caraway, 
Carbamic acid, 339. 

Carbamyl chloride, 397. 

Carbamide. S(?e wrm. 

Carbazole, 514 , 559. 

Carbides, Metallic. See metallic acet- 
ylenes. 

Carbinol, 48. See also methyl alcohol. 
Carboeyclic compounds, 349 , 351-522. 
Carbohydrates, 57, 231 - 281 , 301, 308, 
310, 314, 556. 

Carbolic acid. See phenol. 

oil, 360 , 374, 504. 

Carbon chains, 42, 43. 

disulphide, 25, 162, 197, 292, 334 , 335 , 
514, 536. 

oxy-( 5 hloride. Sec carbonyl chloride. 

-sulphide, 328, 329, 335 . 
suboxide, 184. 
tetra-bromide, 34, 161. 

-chloride, 34, 161, 162 , 163 , 197 . 
-fluoride, 369. 

Carbonic acid, 333. 
esters, 334. 

Carbonitriles, 88 - 90 , 112-114, 117, 119 , 
139. 

cyclo-, 353. 
iso-, 88 - 90 , 162. 
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Carbonyl chloride, 162, 294, 333 , 336, 
383, 397, 403. 

-haemoglobin, 314. 

Carbostyril, 542, 643. 

Carboxylic acidn, 93, 152. 

Carbylamines. Sec i^ocarhonitriles, 
Carbylamine-tcst, 89 , 379. 

CARiirs, 7. 

Caronc, 484. 

Carrot., 444. 

Carrotene, 444. 

Carvacrol, 482 , 488. 

Carvono, 482, 483. 

Carvoxime, 483. 

Casein, 31 1 , 316, 317 , 318 . 

Caseinogcn, 311. 

Castor-seed, 99. 

oil. See oil of castor-need. 

Catalytic action of acetic anhydride, 197. 
acetyl chloride, 197. 
alkoxides, 112 . 
alum, 69. 

aluminium halides, 360, 361, 397, 
402, 403, 408, 442. 
oxide, 95. 
sulphate, 134. 

antimony pentachloridc, 165. 
calcium chloride, 128. 
catechol, 402. 
chromium oxide, 51. 
copper, 90, 95, 117. 
cupric sulfihate, 400. 
ethyl alcohol, 335. 
ferric halides, 165, 369, 408, 416, 
437, 467. 
glass, 133. 

Hydrogen ions, 306. 
iron, 325. 

mercuric nitrate, 421. 

sulphate, 518. 
mercury salts, 518. 
mineral acids, 95, 110 , 111, 122, 

1 28 

nickel', 33 , 90, 95, 118, 136, 172, 
472, 511. 

osmium tetroxide, 217. 
paraffin- wax, 133. 
platinum, 489, 524, 552. 
jjyridine, 110 . 
pyrogallol, 158, 402. 
quinol, 158, 402. 
silica, 95. 

stannous oxide, 95. 
stearic, acid, 133. 
sulphuric acid, 95, 122, 128, 197- 
sunlight, 158. 
tungsten ]>entoxide, 95. 
ultraviolet light, 95, 272. 
vanadium pentoxide, 447. 
zinc oxide, 51, 95. 

Catechin, 444. 

Catechol, 423 , 424 , 429, 441, 455, 619V'^ 


Cathartics, 521. 

O/AYndY 44 

Cellobionic acid, 259, 260. 

Cellobiose, 256 , 257 , 259 , 260 , 278 , 279 , 
280. 

oxime, 259. 

Cel lose. See rellofnose. 

Celluloid, 281, 488 . 

Cellulose, 231, 257, 277 - 280 , 281, 282, 
320, 359, 363. 
triacetate, 281. 

Cetyl alcohol, 61. 

Chati’away, 332. 

Chemical reduction-products, 387. 
Chemistry of sili<H)n, 86 . 

Cherry-gum, 239. 

Chitin, 282. 

Chitosan, 282. 

Chloral, 54, 161, 197, 229 , 230 , 283. 

hydrate, 229 , 230 , 283, 288. 
Chloro-acetnl, 229, 230. 

-acet.aldehx'de. See chloroethanal. 
-acetic acids, 197. 

-acetone. Sec dichloroacetonc. 

-acetyl chloride, 455. 

-c^atechol, 455. 

-aniline, w-, 462. 

P-, 394, 434. 

-benzene, 357, 369, 370 , 392 , 393 , 417,'- 
419, 466, 467, 507. 

-sulphonic acid, p-, 419 , 432. 
-.syndiazocyanide, 7 ?-, 394. 

-benzoic acid, m-, 437, 438. 

0-, 438. 

p., 396, 437, 438. 

-benzonitrile, p-, 394. 

-benzophenone, 404. 

-butvric acid, 1-, 196. 

2- , 196. 

3- , 196. 

-butyronitrile, 3-, 302. 

-calTeine, 348. 

-carbon, 416 

-carbonic esters, 333, 334. 

-epriohexane, 472. 

-ethanal, 229. 

-ethanol, 2 -. See qhjrolrhlarohydrin. 
-ethene. See vinyl chloride. 

-formic esters. See chlorocarbonic 
esters. 

-methene. 162. 

-naphthalene, a-, 507. 

- 6 -nitro-aniline, 3-, 462. 

-nitrobenzene, m-, 417. 

0 -, 417 , 466. 

P-, 417 , 462, 466. 

-phenol, m-, 486. 

0 -, 420 , 467 , 486. 

P-, 420 , 467 , 486. 

-propene-l, 1 -, 147 , 148. 

2-, 147, 148. 

-propionic acid, 1 -, 300- 
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Chloro-propylene, See chloropro- 

ptm-l, 1 -. 

fi-, Soe chloropropene~lj 2 -. 
-I>yri(liTie, ot-, /j25. 

V:^-, 521, 525, 534 . 

7 -, 525. 

-f^uccnnic acid, 207. 
d-, ;io:i. 
do:^. 

-toluene, 0 -, 407 , 408. 

107. 

Chloroform, 14, 25, 54, iSO, 161 , 162 , 10.4, 
107, 2.40, 257, 20.4, .424, 310, 452, 
453, 480, 102, 400, .5.44, 515. 
Chloropliyll, 273, 5.42, 534 , 535 . 

-fly 53.5. 

-hy .535. 

C3i]orophvllin.., .534. 

Chloropicrin, 340. 

Cholesterol, 272. 

(4ioline, 175 , 170, i>19, .551. 

Chondrin, 311, 312, 313 . 
Chondroitinsiilphuric :icid, 313. 

Choiid rosin, 313. 

C*hroirioi)hores, 497 , 498 , .520. 
(3iromo])rotein.s, 311, 314 . 

C^hrysoidine, 430, 

Chrysin, 442. 

Cinchoineroiiic acid, 543. 

Cinchona id haloids, 559. 

(^inchonidinc, 5.50. 

Cinchonine, 5.58, 559. 
malate, 208. 
mandohitcs, 411. 
d-t art rate, 220 . 

Z-tartrate, 220 . 

Cineol, 470, ISO. 

Cinnamaldehyde, 414. 

Cinnamic iicid, 413, 414 , 415 . 

Allo-y 415. 
acids, i.se-, 115. 

Cinnamon oil. See oil. of cinnamon, 
(4nnainyl alcohol, 413 , 414. 

(Mitral. See gcranial. 

Citric acid, 224 , 253, 207, ,551.-^ 
Citromyccs glahci'y 224. 

jf/efferianuNy 224. 

Citron oil. See oil of citron. 

(4 vet, 3.53. 

Claisen, 227, 22s, 281. 

(Classification of organic compounds, .41, 
.42. 

(^love oil. See oil of cloves, 

C4upeine, 317. 

Coagulated proteins, 311. 

CVwigiilation, 309 , 310. 

Coal, 33, 141, 359 . 

-gas .33, 131, 141,324,359,302,504,52.3. 
Ilyclrogenation of, 30. 

-mine-explosions, 34. 

-tar. See tar. 

colours, 380. See also dyestuffs. 


Cocaine, .551, 554 , 555 . 
fl-y 555. 

555. 
r-, .5.55. 

Cocotiy 34(5. 

Codeine, 550, ,557. 

methyl-iodide <lerivative, 5,50. 
C'oellieient of distribution, 20 . 

(V)ITee, 34(5. 

Cognac, .51. 

Coke, 3(5, 359. 

Colarnine, 175 , 170. 

(.k)lchicinc, .5.51. 

Collagens, 312, 313 . 

Colluline, .520, .527. 

(’ollidines, 52(5. 

COLLJE, 205. 

(.'ollodion, 281. 

(\)lloidid jidsorption-compf)unds, 101 . 
(A)ll()i<l elcctrolvtos, 101 . 

(Vdloids, 101, 308, .300, 4 ; (5. 
(kdophonium, 4.51. 

Colour-bases, 403-405. 

-intensity, 500. 

Lightening of, 407. 
of the second order, 407. 

Kelation lo constitution, 496 - 499 , ,500. 
Combustion-furnace, 5. 
of i)cat, 12(5. 
wood, 12(5. 

Combustions, 5 , (5. 

(compound ethers. Sec esters. 
Coriflensation, 124. 

Condensed rings, 340, 504 , 522 . 
Confectionery, 243. 

Conglomerate, 221 . 

Congo-dyestulTs, 500. 

-red, 500.'*' 

(’online, 527 , 528 , 540, 551 . 

(Umiuni maculat uniy 551. 

(Conjugated proteins, .311, 313 . 
linking, 145, 14(5, 365 , 367 . 
system, 145, 140. 

Constancy of substitution-tvpc, Kulc 
of, 4()(5. 

Constitutional formula, 41 , 48. 
(constitution of alcohols, Cnil 2 m i-OJf, 
4(5-48. 

(Copper acct>'lacetone, 228. 
acetylene, 142, 143 . 
mereaf)tides, 72. 

-oxide test, 3. 

-zinc couple, 134. 

Coral, 313. 

Coriioin, 313. 

Corn-flower, 443. 

(^otamine, 5.57. 

Cotton, 278 , 435. 

-seed, 239. 

-wool, 278, 281. 

Coumarie acid, 454. 

Coumarin, 4.54. 
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Coumarinic acid, 454. 

^‘Cou])ling metiiod,'' 435. 

“Cracking i)rocess,” 36. 

Crafts, 360, 361. 

“Cream of tartar,” 212 . 

Creatine, 341. 

Creatinine, 31 1 . 

Creosote-oil, 360 , 374, 504. 

^yCresol, m-j 477. 
n-, 439, 468, 483. 

P-, 315, 376 . 

Cresols, 374, 375 , 376 , 435. 
Crotonaldchyde, 121 , 159 . 

-arn nion ia, 526. 

Crotonic acid, 152 - 154 , 156, 159, 189, 
191,196,201. 

151. 

Solid. See crotonic acid. 

Cryoscopic methods, 12 - 16 , 320, 500. 

solvents, 12, 13, 14 . 

Crystalline liquids, 384. 

( Vystalloids, 308. 

("rystal-violot, 193, 491. 

Cumene, 3(i2. 

("umin oil. Sec oil of cumin. 

Cupric c> anide, 322. 
disodium tartrate, 213. 
phen\ Ipropiolate, 413. 
xanthate, 335. 

.C^ui)reine, 559. 

Cuprous (\vanide, 322, 397. 

xanthate, 335. 

Curarine, 559. 

(hirrent density, 386. 

ClIKTllTS, 306. 

Cyainelide, 326 , 336. ^ 

Cyanamide, 3l(>, 330 , 338, 310, 311.^ 

( Vanic acid, 326 , 327 , 328, 329, 312. 

2 .SO-, 327 , 336, 337, 315. 
esters, 327. 

iso-, 327 , 328 , 335, 337 , 339. 
(Vaiiides, 322, 323, 324 - 326 . 
Cyano-a(!etic5 acid, 182. 

-benzoic acid, o-, 447, 448. 

-hydrins, 119 , 353. 

-hvdrin-svnthesis, 119 , 200, 203, 204, 
‘224, 237, 238, 240, 243, 249, 250, 
287. 

-quinolines, 512. 

Cyanogen, 179, 322 , 323 . 
bromide, 397. 
chloride, 327. 
derivatives, 322-332. 

Cyanuric ackl, 326 , 331 , 332 , 336, 338. 
Insoluble. See cyamedide, 
iso-, 331. 

])romide, 331. 
chloride, 327 , 331. 
esters, 331, 332. 
f.so-, 327, 331 , 332 . 

Cyclanes. See cyclic hydrocarbons, 

CtiH.2n* 


Cyclic compounds, 31, 32, 111 , 229, 
349-560. 

hydrocarbons, Cnllou, 141, 349, 351- 
355, 359, 471-473. 

Cymene, 356, 362 , 363 , 476, 477, 483, 
485, 488. 

m-, 485. 

p-. See cymene. 

Cysteine, 317. 

Cystine, 317 , 318. 

Cytisine, 551. 

D. 

Dane us carota. See carrot. 

Datura stramonium, 553. 

Davy, J., 333. 

Deca-hyilronaphthalene, 510, 51 1 , 512 . 
-cis-, 511, 512. 
trans-, 51 1 , 512. 

-melliylenedi(;ar})oxylic acid, 178. 

Dccane, 38. 

Decenone, cyclo-, 353. 

Decoses, 238. 

Definition of organic chemistry, 1 . 

Dehydromucic acid, 531. 

Dei MAN, 165. 

“Dclvidin/* See ifccahydronaphthnlcnc. 

Dkmjaxov, 353. 

Denaturation of albumins, 30t). 
ethyl alcohol, 51, 55 . 

Density, Determination f)f, 29. 

Depressimeter, Kykman's, 15, 16. 

Deprcs.sion of the freezing-point, 12 - 16 , 
101, 320. 

Molecular, 13 , 1 1 . 

Depsides, 4 13-445. 

J )c‘smotrop>' . See ta ulom rri s* w . 

Detection of carbon, 3, 1 . 
carbonyl-group, 121 . 
halogens, 3, 4 . 
hydrog(»n, 3. 
nitrogen, 4. 
oxygen, 1 . 
pho.sj)horus, 3. 
sulphur, 3, 4 . 
water in alcohol, 53. 

Determination of boiling-point, 28 , 29. 
density, 20 . 

Determination of melting-point, 28. 
molecular weight, 10-17. 
vapour-density, 10 - 12 . 

Developers, 180, 421, 433 . 

Dextrin, 277. 

Dextrins, 276. 

Dextrose, 51, 202, 224, 241 , 242 . 243- 
246, 249, 250-252, 251, 255 257, 
200, 263 -269, 273, 277 -280, 319, 324, 
425, 426, 445, 5 IS, 546. 

242 , 255, 2()0, 262, 125, 426. 

0 -, 242 , 255, 260, 262-261, 425, 426. 

7 -, 242. 

Diabetes mcllitus, 130 , 241. 
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Diacctoneamino, 120 . 

Diacetyl, 227. 

Diacetylencdicarboxylic acid, 1911. 

J^ialdehydcs, 225, 22G. 

Dialkoxyalkanes. See acetals. 

Dialkyl-phosphmes, 84. 

-phosphinic acids, 85. 

-ureas, Unsymnietrical, 342. 

Diallyl, 226. 

Diamines, 174 , 187. 

Diamino-azobenzcne. See chrysoidine . 
-butane, I : 4-, 174 , 302. 

-dihy d ro .\y arsen ol len zc'iie, 433 . 

Jihydrochloride. See salrarsan. 
-ethane. See elheneiliamine 
-pentane, 1 : 5-, 174 , 302, 524. 
-carboxylic-1 acid. See lysine, 
hydrochloride, 1 : 5-, 17 1. 

-propane, 1 : 3-, 17-1. 

-stilbenc, 7 >-, 502. 
-trihydroxydodccanic acid, 310. 

Diamond, Structure of, 01. 

Diamylene, 135. 

Dianthraccne, 514. 

Diastase, 51 , 250, 208, 270. 

Diazo-acetic ester. Sec ethyl diazo-acetate. 
-amino-benzene, 391, 395. 

-compounds, 395. 

-compounds, 300, 307, 389-394. 

389 , 394. 

syn-f 389 , 393, 394. 

-hydrates, anti-. See diazohydroxides, 
anti-. 

Diazonium compounds, 374, 379, 389 - 
395 , 435. 

Dibasic acids, 177 - 193 , 207 - 218 , 234, 
352 447-451. 

DibenzalryrZohexanone, 475. 

Dibenzhvdroxamic acid, 409. 

Dibenzyl, 502. 

-amine, 412. 

Dibromo-acctic acid, 283. 

-alkanes, 351. 

-benzene, m-, 363, 416 , 461. 

0 -, 363, 458. 

P-, 363. 

-brassidic acid, 198, 199. 

-butyric acid, 156. 

-erucic acid, 198, 199. 

-ethane, 1 : 2-. Sec ethene bromide. 
-indigo, Symmetrical, 548. 

-men thane, 482. 

-menthonc, 477. 

-nitroethane, 83. 

-nonane-1 : 9, 184. 

-pentane, 1 : 5-, 166. 

-propane, 1 : 3-. See trimethylenc 
bromide. 

Dibromo-succinic acids, 208. 

-thiophen, 536. 

Di-n-butylamine, 79. 

Dicarbonyl bond, 252 , 260. 


Dichloro-acetaldohyde alcoholate, 230. 
-acetic acid, 196, 197 . 

-acetone, 137 , 142, 147, 224.^ 
-benzene, 771 -, 416 , 407. 

0 -, 467. 

P-, 434, 467, 500. 

-diethyl sulphide, 2 : 2-, 73. 

-ethane, 1 : 1 -. See cthylidenc chlori le. 
-dicarboxylic-l : 2 acid, 1 : 2 -, 218. 
1 : 2 -. See ethene chloride. 

-ethene, 165. 

-ether, 229, 230. 

-hydrin, Symmetrical. See glycerol 
dichlorohydrin. 

-methane, 162 , 492. 

-proj)ane, 1 : 1-. See propylidene 
chloride. 

1 : 2 -. See propene chloride. 

2 : 2-. See dichloroaceUme. 

-succinic acid, 218. 

218. 

Dicotyledonous plants, 550. 
Dicyano-ethanc, 1 : 2 -. See ethene cya- 
nide. 

-nonane-1 : 9-, 184. 
Dicthoxy-S-chloropurine, 2 : 6 -, 348. 
Diethyl. See also ethyl. 

-acct>4enedicarboxylate, 537. 

-amine, 79. 

-ammonium hydroxide, 75. 

-carbinol, 48. 
car!)onate, 334 , 336, 339. 
<? 2 /rZo-butyldicarbox>'late, 351 . 

-propanedicarboxylate, 351 . 
diacetylsuccinate, 288. 
dibromomalonatc, 288. 
dihydrocollidinedicarboxylate, 526. 
disodiornalonate, 183 , 194, 351. 
disulphide, 73. 
ether. See ether. 
fumarate, 194, 306, 538. 
mal.ate, 207. 

inalouatc, 182 - 183 , 187, 188, 292. 
monosodiomalonate, 182 , 183 , 185, 

193, 194, 289, 292, 302, 344, 315, 450. 
oxalate, 181. 

-|>entanc, 3 : 3-. See ietraeihylmeihane. 
succinate, 472. 
succinylsuccinate, 472. 
sulphate, 66 , 67. 

-suiphonedimcthylmethanc. See sul- 
phonal. 

Dihydric alcohols. See glycols. 
phenols, 423, 424. 

Dihydro-cinnamic acid f)-carboxylic acid, 
‘512. 

-naphthalene. See naphthalene di- 
hydride. 

-pyrrole, 2 : 3-, 534. 
Dihydroxy-acctone. See glycerose. 

-acids, 208-218, 441 . 

-anthraquinone. See alizarin. 
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Dihydroxv-azobenzene, 436. 

-sulpnonic acid. See resorcitir^ydlow. 
-benzene, w-. See resorcinol, 

0-. See catechol, 
p-. See quinol. 

-flavone, 1 : 3-. See chrysin, 

-fluoran. See fluorescein, 
-naphthalene, 2 : G-, 510. 
-phenanthrene, 557. 

-phenylalanine, 3 : 4-, 454. 

-toluene, Symmetrical, jce orcinol, 
-xanthone, 1 : 2-. Sec euxanthone, 
Di-iodo-methane, 164, 455. 

-purine, 347. 

Dii.sY)propyl, 42 , 43. 

Diketens, 184. 

Dikcto-r\//rZoliexane, p-, 472, 473. 

-piperazine. Sec glycine anhydride. 
Diketones, 220-229. 

Dimethoxy-hcxaphenylethane, 5i.s-2 : 5-, 
500. 

-phenan throne. See d imclh ylmorphoL 
Dimethyl-acetylene, 143. 

-allene, 145. 

-alloxan, 350. 

-amine, 77, 79, 80, 120, 382. 
-aminoazobenzenc, 395, 435. 

-sulphonic acid. See helianthinc. 
-aniline, 381-383, 395, 397, 401, 435, 
492, 495. 

hydrochloride, 436. 

409. 

-arsifuc acid, 85. 

-benzenes. See xylenes, 
-diethylmercaptole, 130. 

-ethylcarbinol, 48, 145. 

-ethylene. Symmetrical. Sec hutenC’-2, 
llnsymmetrical. See meth'yl-2^pro^ 
peneA. 

-hexane, 2 : 5-, 45. 

-hydroxycthyl amine, 550. 

-ketone. See aretone, 

-morph ol, 522, 550. 

octadiene-l-al, 3 : 7-. Sih 3 </cr- 
anial, 

oxalate, 181. 

-phenylpyrazolone. See arUipyrinc, 
-phosphinic acid, 85. 

-2 : 2-propanol-l. See hutylcarbinol, 
tertiary. 

-pyridines. See lutidines, 

-pyrone, 294-290. 

hydrochloride, 295. 

-saccharic acid, 258. 

-starch, 280. 
sulphate, 67, 80, 81, 200. 
suIphone<limethylmcthane, 130. 
-tartaric acid, 201. 

anhydride, 184. 

-thiopnen. See thioxen. 

Dinaphthol, a-, 508. 

508. 


Dinitriles, 177. 

Dinitro-benzene, m-, 416, 417, 4x8, 463, 
464. 

0-, 417, 418.^ 

P-, 417, 418. 

-cellulose, 281. 

-compounds, 174, 417, 418. 

-ethane, 410. 
atri-f 410. 

-a-naphthol, 2 : 4-, 509. 

-sulphonic acid, 509. 

-phenol, 2 : 0-, 418. 

-stilbene, />-, 502. 

-toluene, 1 : 2 : 4-, 409. 

0-0-, 469. 

Di-(o-nit ropheny 1 ) -diacetylene, 540. 
Di-n-octvlamine, 79. 

Diols, 184. 

Diones. See diketones, 

Dioses, 231, 249-273, 278. 

Constitution of, 250-261. 

Synthesis of, 201-264. 

Dioxindole, 544. 

Diozonides, 22(). 

Dipentene, 481, 482. 

tetrabromidc, 482. 

Dipeptides, 318,319, 320. 

Diphenic acid, 521. 

Diphenvl, 300, 385, 406, 491, 521. 
-amiiie, 377, 378, 380, 381, 385, 195, 
501. 

picrate, 377, 378. 

-benzidine, NN'-, 380. 

-ethane, Sy m metrical . See dihemyl . 

Unsyrnmetrical, 492. 
ether, 370. 

-ethylene, Symmetrical. See stilbene. 
-hydrazine, a.s-, 501. 

-methane, 492. 

-nitroRen, 501. 

-nitrosoamine, 501 . 

-trinit ro-2-phenvl-hvdrazine, 1:1-, 
501, 502. 

-hydrazyl, 1 : 1-, 502. 
Dippel’soil, 523, 532. 

Dipropyl, 42, 43. 

Di-n-propylamine, 79. 

Direct dyestuffs, 498. 

Disacryl, 158. 

Dispersion, 31. 

Dissociation, 500-502. 

IHssymeMe molcculaire. See molecular 
asymmetry. 

Distearylglycerol, 170. 

Distillation, 19 -'25. 

-apparatus, 19-21, 23-25. 

-flask, 19. 
of wood, 50, 51. 

Divi-divi, 441. 

Dodecamethvlenedicarboxylic acid, 178. 
Dodecane, 35, 38. 

Dodecyl-Kroup, 35. 
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Donath, 272. 

Dokp, van, 238, 328, 446, 543. 

Double bonds, 132, 135, 136, 138-141. 
Dbewsen, 540. 

Dry-cleaning process, 36. 

Dubbunpatjt, 211. 

Dufraisse, 402. 

Dulcitol, 172, 173 , 246, 425. 

Dumas. 2, 6. 

Dutch liquid, 165. 

Dyers’ weld, 443. 

Dyestuffs, 3S9, 395, 432, 435-437, 44^- 
444, 492-499, 509, 517-520, 545-547* 
Dynamite, 171. 


E. 

Earth-wax. See ozokerite. 

Ebonite. See vulcanite. 
lObullioscopic methods, 12 , 14 - 17 . 

solvents, 14. 

Eegonine, 555. 

Methyl ester of, 555. 

^I)Er\s solution, 180, 181. 
^]dge-substitution, 223. 

^^Kg-f'lbumin, 310 , 312, 320. 

-yolk, 175. 

Chblk’h, 301, 433. 

Cicosane, 38. 
ilaidic acid, 156. 

transformation , 1 56. 

^lastin, 311 , 313 , 317. 
i^lectric conductivity, Molecular, 31, 
102 . 

Electrolytic dissociation, 102, 103. 
methods, 3S(V-3S9. 
reduction-products, 387, 388. 

Elements in carbon compounds, 3. 
Elevation of the l)oiling-point, 12, 14 - 17 , 
101 . 

Ellagic acid, 444. 

Ernulsase. See emulsin. 

Emulsin, 242, 260, 270 , 274, 324 , 411. 
Enantiornorphism, 220 , 221. 
Enantiotropy, 404. 

Enoler, 37. 

Enolic form, 291-293. 

Ensilage, 203. 

Enzvmos, 51, 172, 221, 236, 250, 255, 
256, 261, 265, 267, 268 - 271 , 453. 
Enzyme-unit, 269, 270. 

-value, 269,270 
Eosin, 181, 449 . 

Epichlorohydrin, 173.'^ 

Epoxvethane. See ethene oxide. 
Equilibrium, 107-109. 

Ergot, 456. 

Errors in carbon-estimations, 8 . 

hydrogen-estimations, 8 . 

Erucic acid, 152, 156 , 198. 

Erythritol, 172 , 425. 


Erythrose. 250 , 260. 

Erythroxylon coca, 554. 

Esterification, 105-109. 

Ester-method, Emil Fischer’s, 316, 317. 

Esters, 63 - 67 , 81, 105 - 112 , 175-177, 
184, 187 , 188 . 

Estimation of carbon, 5 , 6 , 9 , 10 . 
halogens, 7. 
hydrogen, 5 , 6 , 9, 10. 
ions, 306. 

methoxyl-groups, Zeisel’s inct’u) 1 
for tlio, 261. 
nitrogen, 6, 7, 9, 10. 
oxygen, 8 10. 
phosj)honis, 7. 
sulphur, 7. 

hJthanal. See acetaldehyde. 

Ethane, 34 . 35 , 38 - 41 , 86 , 135 , 1 i:i, 

161, 386 . 

-carbonyl -group. See propionyl^yrou p. 
-carboxylic acid. See propionic arid. 
-dial. S(»e ylyo.val. 

-1 : 2-dicarboxylic acid. See siicrtnir 
acid. 

-1 : 2 -diol-l : 2-di carboxylic acids. See 
tartaric acidn. 

zsocarbonitrilc. Sec ethylcarhyla- 
mine. 

-tricarboxylic acid, 185. 

Ethanol. See ethyl alcohol. 

Ethene, 73, 80, 131 , 133, 134 , 135 , 13(;, 
137, 164, 165, 167. 

-bromohydrin, 450. 

bromide, 134, 135 , 136, 142, 147, I 19, 
165 , 185, 351, 450. 

-carboxylic acid. See acrylic acid. 
chlorale, 133, 136, 161, 165 , 168. 
cyanide, 185. 

-diamine, 174, 223. 
o.xide, 168 , 175, 187, 529. 

Ethenol. See linyl alcohol. 

Ethenones. Sec kcUm^. 

Ethcn vlain inophenol, 432. 

Ether,' J1, 25-27, 67, 68 - 70 , 87, l(V‘i, 
117, 134, 162, 176, 292, 297. 
-synthesis, Williamson’s, 67, OS. 

Ethers, 6 .}, fi4, 67 - 71 , 73 , 74 , 131, 376 . 
Mixed, 64 , 70. 

Ethyl. See also dwthyl. 

acetate, 9.3, 105, 107, 108, 112, 228, 
281, 285. 

acetoacetate, 284 , 293 , 526, 527, 539. 
-aeetylcne, 141. 
d-alahine, 303. 

alcohbl, 14, 28, 46, 48, 49, Si-S5, ''2, 
64, 66-69, 72, 81, 96, 105, 107, 
108, 110-112, 121, 122, 127, l.M, 
135, 144, 161-163, 168, 169, 176, 
184, 225, 220, 240-242, 2.5(», 2ti2, 
264-267, 268, 269, 276, 283, 28.".. 
288, 290, 292, 297, 301, 330, M.-’.l, 
391, 392, 399, 412, 477. 
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Ethyl alcohol. Test for, 399. ■iee also 
iodoform-test, 

-amine, 79 , 88 , 89, 383, 399. 
aminoacetate hydrochloride 500. 
-ammonium hydroxide, 75. 

-benzene, 360, 362. 
benzoate, 397 , 399. 
bromide, 64 , 65 , 67 , 74, 360. 
n-butylacctoacctate, 287. 
butyrate, 106. 

carbonate. See diethyl carbonate. 
-carbylamino, 8 S, 89. 
chloride, 65 , 162, 164. 
chloro-carbonate, 193, 289, 290, 333 , 


339, 397. 

-formate. Sec ethyl chlorocarhonaie. 
-oxalate, 400. 

eollidintidicarboxylate, 526. 
<’ 0 |)j>er-aeeloa(*etale, 294. 
cyanide, 88 , 89. 
3-cyanoproi)ylrnalonatc, 302. 
c\'an urate, 327. 
diazoaeotato, 306 , 307 , 537. 
di-iodoacR t at e, 3t)6. 

-methylsaccharate, 268. 
ether. See ether. 
formate, 499. 

fumarate. See diethyl f nmaraie. 
glycol late, 201 , 306. 
gly collie acid, 201 . 

-group, 35. 

hydrogen sulphate. See ethyls ulphurir 
avid. 


inalonate, 187, 188. 
hypochlorite, 229. 

iodide, 46, 59, 65 , 66 , 67, 74, 78, 81, 
85, 93, 376. 

2 -iodopropionate, 479. 
iso-eyanatc, 327. 

-cyan urate , 327. 
magnesium bromide, 87. 
maleate, 191. 

-mcr(;af)t an, 1 30. 
mesoxalate, 288. 
methanetricarboxylate, 193. 
methvl-w-butylacetoacetate, 287. 
mono-cliloracetatc, 185, 191, 2SS, 306. 
-sodiomahmate. See diethyl mono- 
sodiomalovate. 
nitrate, 66 . 
nitrite, 81. 

-nitrolic acid, 82, 83. 
n-octylacef oacetate, 286. 
orthoformate, 162. 

-pentane, 3-. See iriethylmethanc. 
pheny laeeta t e, 412. 
phosphate. Normal, 66 . 

-pyridine, a-, 554. 

558. 

sodio-acetoacctate, 285 - 287 , 289, 291, 
293. 

-cyanoacetate, 478, 479. 


Ethyl sulphate, 66 , 67. 
sulphide, 73. 

-sulphonic acid, 74. 

-sulphuric acid, 66 , 67 , 68, 69, 134, 135, 
373. 

Ethylene. See ethene. 

-bromohydrin. See ethenebromohy- 
drin. 

bromide. Sec ethene bromide. 
chloride. See ethene chloride. 
cyanide. See ethene cyanide. 

-diamine. See ethenediamine. 
oxide. See ethene oxide. 

Eihylidenc chloride, 117, 135 , 136 , 142. 
Eihyne. Sec acetylene. 

-car}>oxylic acid. Sec propiolir arid. 
Eucalyptus oil. See oil of eucalyptus. 
l^^ugenol, 453. 

iso-y 453. 

Kuxanthone, 442. 

Exaltation of refraction, 146 , 513. 
Excrement, 345. 

Extraction with solvents, 25-27. 
Eykman, 13-16, 31, 39, 140, 154, 272, 
355. 


F. 


Ficces, 316, 545. 

Faraday, 362. 

Fat, Palm-kernel, 171. 

Fats, 37, 99 , 100 , 101, 155, 165, 169, 171 , 
172 , 268, 271, 272, 308, 556. 

Hard, 171, 172. 

Soft, 171, 172. 

Fatty acids. 37, 91 - 103 , 169, 171, 172, 
*175, 278. 

compounds. See aliphatic compoujids. 
FEnnixo’s solution, 213 , 214 , 232, 277, 
313, 395. 

Fermentation, 51, 52, 160, 264 - 267 . 

butyric acid. See butyric acidy normal. 
Ferric acetate, Aceto-, 98. 

Hasic, 98. 
succinate, 185. 
thiocyanate, 329. 

Fibrin, 310. 

Fibrinogen, 310. 

Fibroin, 313 , 317, 318, 320. 
Filtering-flask, 27. 

Filtration, 27. 

Fire-damp, 33, 31. 

Fischer, 1«:mil, 209. 269, 302, 303, 316- 
319, 316 348, 443, 445, 450. 

Fittto, 202, 360, 370, 507, 536. 

Ftttig's synthesis, 360 , 370, 507, 536. 
idavone, 442. 

dyestuffs, 442, 443. 

Flax, 280. 

Muidity, 97. 

Fluoran, 449. 
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Fluorescein, 448, 449. 

Fluoro-benzene, 466. 

-nitrobenzene, o-, 466. 
p-, 466. 

Force, Vital, 1. 

Formaldehyde, 51, 80, 95, 116, 1 25 - 1 27 , 
237, 246, 299, 310, 376, 379, 472. 
-phenylhydrazone, 246. 

Formaldoxime, 127. 

“Formalin,” 127. See also formalde- 
hyde. 

Formamide, 112. 

Formates, 95. 

Formic acid, 88 , 93 - 95 , 98, 103, 125, 129, 
159, 161, 162, 179, 181 , 182 , 230, 32(5, 
331, 531. 

Formonitrilc. See hijdrogm cyanide. 

I'ormose, 237. 

FormuUe, Calculation of, 8-17. 

Formyl chloride, 401. 

-group, 94. 

Fortified wines, 54. 

Fractional crystallization, 27, 28. 
distillation, 20-23. 
curves, 22 . 

Fractionating-apparatus, 19, 20. 
-columns, 21, 52, 54. 

Franchimont, 337, 341, 381. 

Friedel, 169, 360, 301. 
and ('raft’s synthesis, 360 , 361 , 402, 
403, 507. 

Fructosazonc, d-. See A-glacoaazone. 

1 -. See i-ylucosazone. 

Fructose, d-. See Imvulose. 
dl’, 247. 

1-, 269. 

Fruit-essences, 106. 

-sugar. Sec Icevulose. 

Forth, von, 311. 

“ Fulminating mercury,” 330. 

Fulminic acid, 330, 331 . 

Fumaric acid, 189 - 192 , 194, 208, 217, 
218, 304. 

Fungi, 282. 

Furan, 349, 529 , 530 , 535. 

Furfural, 240, 529 - 531 . 

Furf uraldehydc. See furfural. 

Furfuramide, 530. 

Furfuran . See furan. 

Furfuroin, 530. 

Furfurole. See furfural. 

Furfuryl alcohol, 530. 

Furs, 424. 

Fusel-oil, 52 , 54, 56, 57 , 135, 301 . 

G. 

Galacto-arabinose, 258. 

-arabinosazone, 258. 

Galjictonic acid, d-, 246, 247. 

Galactose, d-, 173, 239, 246 , 251, 258, 274. 
/5-, 263. 


Gallic acid, 424, 442 , 443, 445. 

Gall-nuts, 441, 445. 

-stones, 317. 

Galloyl-gallic acid, 446. 

-gallyl chloride, 445. 

Gambier, 444. 

Garlic oil. See oil of garlic. 

Gas, Coal-, 33, 131, 141, 359, 362, 504, 
523. 

Gas-manufacture, 359 , 504. 

Gasoline, 35. 

Gastric juice, 315. 

Gattermann, 392, 452. 

Gauliheria procurnhens. See oil of winier- 
green. 

Gay-Lussac, 265, 267. 

Gelatin, 127, 311 - 313 , 317 , 318 . 

Gelatose, 312. 

Geranial, 159, 160. 

Geranic acid, 159. 

Geraniol, 159 , 478. 

Geranium, 443. 

Gerhardt, 2. 

Germanium, 86 . 

Gernez, 59. 

Gin, 51. 

Glacial acetic acid, 14, 28. 96 , 97 , 378, 
510. 

Gladstone, 134 . 

Glands, 269, 454. 

Gliadin, 311. 

Gliadins, 311. 

Glohin, 314. 

Globulins, 310 , 311, 312 . 

Globulose, 312. 

Glucides. See carbohydrates. 

Gluco-arabinose, 259. 

-arabinosazone, 259. 

-erythrose, 259, 260. 

-proteins, 311, 314. 

Gluconamide, 238. 

Gluconic acid, d-, 238, 241, 242, 245, 
251. . 

Glucosjmiine, 282. 
hydrochloride, 282. 

Glucosan, 262, 263 , 426. 

Glucosazone, d-Phenyl-, 241, 244, 24 i. 
i-Phenyl-, 246. 

Glucose, d-. See dextrose, 
i-, 241, 273. 

;-, 241 , 269. 

Glucosides, 236 , 250 , 260, 324, 439, 443, 
518, 546. 

Artificial, 233, 234. 

Glucosoae, d-Pheiiyl-, 244. 
z-Phenyl-, 247. 

Glue, 299. 

Glutamic acid. See glutamine. 

Glutamine, 302 , 316-318, 333. 

Glutaric acid, 178 , 185, 186, 239, 352. 
anhvdride, 185, 186. 

Glutelins, 311. 
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Glyceraldehyde, 236 , 237, 246. 

Glyceric acid, 169 , 207, 284. 

‘ ‘ Glycerine. * * See glycerol 
Glycerol, 99, 100 , 158, 168 - 172 , 173, 175, 
176, 181, 182, 236, 237, 266, 267 , 425, 
540, 552. 

dichlorohydrin, 173 , 224. 
Glycerophosphoric acid, 175. 
Glycerosazone, 236. 

Glycerosc, 236, 237. 

Glyceryl nionoformate. See monoforrnin. 
oxalate, 181, 182. 
trinitrate, 170, 171. 

-stearate. See trisiearin, 
v Glycine, 200 , 297, 298, 299 , 300 , 313, 
316-319. 
anhydride. 318. 

^ -opper salt of, 300 , 498. 
ethyl ester, 306, 318. 
hydrochloride ethyl ester, 299. 
Glycocoll. Sec glycine. 

Glycogen, 277. 

Glycol, 149^ 167 , 168 , 425, 474. 
-chlorohydrin, 133 , 168. 
diacetate, 187. 
diethyl ether, 168. 
mono-acetate, 187. 

-ethyl ether, 168. 

Glycollaidchydc, 237 , 246, 316. 

Glycollic acid, 200 - 202 , 207,225,243,283. 
Glycollido, 202 , 207. 

Glycolose. See glycMaldehyde. 

Glycols, 166 - 168 , 177, 187. 
Glj^-yl-alanine, 320. 

-glycine, 318. 

Glyoxal, 208, 225 , 226 , 283. 

Glyoxylic acid, 283 , 288, 289, 307, 314. 
Goitre, 454. 

Gommerg, 499, 500. 

Gout, 345 . . 

Graere, 497. 

Granuloso, 276. 

Grapes, 241. 

Grape-sugJir. See dextrose. 

Graphic methocl, Kykmaiv’s, 1.3, 

Green oil. See anthracene-oil 
Greens, 272. 

Grtess, 389. 

Grignard, 87, 91, 106, 119. 

Guaiacol, 423 , 453. 

Guanidine, 340 , 341, 342. 

Guanine, 314, 345 . 

Guanylic acid, 311. 

Gum-arabic, 239. 

-benzoin, 356, 397. 

Cherry-, 239. 

Guncotton, 171, 281 , 330. 

H. 

Haber, 388. 

Hffimatin, 314. 
hydrochloride. See hoemin. 


Hsemin, 314 , 535. 

Haimoglobin, 311, 314 , 317, 318 , 320, 535. 
Hajmoglobins. S^ chromo-proteins. 
Hair, Colour of, 454. 

Halochromy, 499. 

Halogen-alkanes. See alkyl halides, 
-benzenes, 369 , 370 , 408. 

-benzoic acids, 408, 437 , 438 . 

-carriers, 369, 408, 4l(i. 
derivatives of methane, 161-164. 

hornologues, 164-166. 

-hydrins, 173. 

-phenols, 420. 

-substituted acids, 195-199. 

-sulphonic acids, 419. 

-toluenes, 407, 408. 

Hamblv, 336. 

IIantzsch, 389, 391, 394, 494, 526. 
Hardening of oils, 172. 

Hard water, 102 . 

Harington, 454. 

Harries, 226. 

Hartley, 427, 428. 

Hata, 433. 

Haworth, 260. 

Heating substances, 17-19. 

Heavy oil, 36. See also creosote oil 
Helianthine, 432, 436 . 

Heliotropin. See pipcronal 
Hempel, Fractionating column of, 21. 
Heneico.sanc, 38. 

Ilentriacoiitane, 35, 38 . 
Ilcpta-chloropropane, 1 () 2 . 

-dccanecarboxylic-l acid. See stearic 
acid, 

-decanone, cyclo-^ 353. 
-decene- 8 -carboxylic-l acid. See oleic 
acid, 

-methyl-cellobiose, 258. 

-lactose, 258. 

Heptane, 38 , 59. 

-carboxylic -1 acid. See caprylic and, 
-cyclo-y 474. 

-dicarboxylic-1 : 7 acid. Sec azvlaic 
and, 

-diol-, 1 : 2, cydo-^ 474. 

a-N-form, 474. 

^rarw-form, 474. 

Heptanol-1. See heptyl alcohol, normal, 
Heptonic acids, 2 13. 

HeptOfk:.s, 231 , 238. 

Heptyl alcohol. Normal, 49. 

Heptylic acid, 93, 243 , 287 . 

Heroine, 557. 

Herring-brine, 80. 

IIeslinga, 7. 

Ileterocvclic compounds, 349, 523 - 560 . 
Heterosides. See glucosidcs. 

Hevea hrasiliensis, 488. 
Ilexa-bromobenzene, 369. 

-chloro-benzene, 369. 

-ethane, 162, 164 , 165 . 



576 


INDEX 


Hexa-contane, 34, 38 . 

-detJiino, 38. 

-dieno, < 36 .t. 

-dionc, rt/rlo-, 428. 

-hydric alcoliols, 232 , 235, 245. 
-hydro-1 )enzoic acid, 47d. 

-cyincne. See tnrnthanv. 

-phenol. Sec hcxanoly eyelo-. 
-hydroxy hen /i cne, - 1 20 . 
-mctliylhenzcrie, 143. 

-methylene. See hexanr^ eyelo-. 
-tetrarnine, 12 (>. 

-methyltriarninotriphcnylmethane. 

See nrffstal-nolct, 

-phenyle thane, 500. 

derivatives, 500. 

-triene, rifdo-j 305, 307. 

-trionc, cj/clo’-. See phloroql acinol . 
Hexane, 31, 38 , 42, 44 , 7S, 202. 

-carboxyl ie-2 acid. See methf/l-n-hidf/l- 
aratir acvl, 

ci/rln-j 354 , 355, 358, 426, 471 - 473 , 
* 475, 511. 

deriviitives, ri/clo-, 471-476. 

-diol-l : 2, cyrlo^ 474. 

cis-forrn, 474. 
frans-forrn, 474. 

-2 : 5-dione. See acetonylacetonc . 
llexanol-l. See hvxyl alcohol^ normal, 
eyelo-, 365, 473 , 475. 

Hexanone, eyelo-, 47 1-472, 475 . 

Hexene, 131 , 354. 
eyelo-, 365, 472, 473. 
di bromide, eyelo-, 365. 

HexitoLs. S(*e hexahydrie aleohola, 

Ilexodioses, 231. 

ifexonic aeuls, 231 , 245 , 216. 

He.xoses, 231 , 233-238, 240 - 247 , 250, 
268, 274, 270, 2 S 8 , 475, 531, 532. 
Hcxotrioscs, 231 , 273. 

Hexyl alcohol, Normal, 40. 

-amine, eyelo-, 365. 

iodide. Normal se(M)ndary. See iodo- 
hexane, 3-. 

-methyl amine, eyelo-, 353. 
nitrite, eyelo-, .353. 

Hexylene. Sec hexene. 
llexyne, 141. 

Higher alcohols, C^nllan + 1 ^ 11 , 61. 
Hippuric acid, 29 Q, 397.'-^ 

Hirst, 230. 

Histidine, 316 , 318. 

Histones, 310. 

Hopf, van ’t, 15, 59, 61, 475. 

Hopmvnn, 76, 70. 
llolo.sides. See polyoses. 

Homtilogoiis series, 37, .38. 

Honev, 213. 

Artificial, .5.32. 

-stone, 451. 

Hooqeweuff, 238, 328, 446, 543. 

Hops, 54. 


Ilordcninc, 456 , 557. 

llormathic compounds. See aliphatic 
com pou?t(Ls. 

Horse-bean, 451. 

Howard, 331. 

Humic suhstanccs, 2 16. 

Hytlrazincs, 312, 305, 396. 

Hydra/ inoacet ic acid, 307. 
Ilydra/obcnzenc, 384 , 385 , 388 , 491. 
Ilydrazoncs, 119 , 120 , 2.32. 
Hydro-aromatic eompoiinds, 35.3, .3.57, 
350,471 490 . 

-ben/am iilc, 401 , 414, 520. 

-benzoin, 50.3. 

-caoutcdiouc, 480, 100 . 

-carbons, Aromatic, 350- .368. 

C ulhn, 60, 131 - 141 , 147, 152, 351 - 

355, 471-476. 

33-45, 4 S, 7(i, 93, 110, 131, 
141, .3.51. See also paraffins and 
saturated hydroeartum.., Cnn::n t 2. 
CVn,n_,, 141 - 146 , 148. 

-cinnaniidc, 411. 

-cyanii^ St'c hydrogen cyanide. 

-cyclic? c?omi>oiin(ls. Sec? hydroaro- 
mntie com pounds. 

-ferrocyaiiic acid, 206. 
-na))hthaloncdicarboxylic acid, 505. 
-phthalic acids, 476. 

-fpiinine, 550. 

-(luinoiie. Sec quinol.'s/^ 

-sul])hite reduction-process, .547. 
Tlvdrogen evanide, 200, 204, 250, 268, 
301, 31.5, 322, 323 , 324 , '12.5, 326 , 327, 
320, 353, 401, 411, 452, 523. 
Hvdrolv.sis, 90 , 01, 02, 101, 172, 231, 257, 
*2.58, 270, 270. 

Hydrolytic dissociation, in, 10 S, 557. 
Hydroxamic? acids, 83. 

Tlydroxy-ac^etic acid. See gtyeollic acid. 
-acids, Dibasic, 207-223. 

Monobasic, 199 - 207 , 284. 

-aldehydes, 452, 4.53. 

-a n th r ac p i in o n es , 5 1 f)-.52 1 . 
-.•izo-benzcnc*. o-, .384. 

P-, 384 , .305. 

-dyestuffs, 43.5. 

-benzaldchydo, p-, 4.52. 

-benzoic acid, m-, 441. 

0-. See salicylic acid. 

P-, 441 , 413, 441 , 461 . 
didepside, p-, 441. 

-biitvric acid, 2-, 123, 152, 201 . 

.3-, 202 , 206. 

-carbon Itri levs. Sec cyanohydrins. 
-cinnamic acid, o-, 4.54. 

-cvmcme, p-. Sec thymol. 

-ethylamine, 4.50. 

-i>obutvric acid, 1 -, 200 . 
-methvlfurfural, 531, 5.32. 
-3-methoxyphenanthreno, 4-. See 
mcthylmorphol. 
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livilroxy-phenyl-arsinic acid, p-, 433. I 

-ctivylaniine, p-, 456 , 551. 1 

-propionic acid, p-, 453. 

-proline, 316, 534. 1 

-propewA, ‘2-, WM. \ 

-propionic acid, 1 -. See lactic acid. | 

‘2-, *201, 202. 

-proT)ylene, 2 -. See fujd coxy pro pc tic- 

-(luinollne, 2-. See carl ^^stijriL 
-quinolines, 512, 543. 

-stearic acid, 150. 

-succinic acid. See malic acid. 
-tetrahydropyrrolecarho-xylic acid. See 
hydroxyprolinc. 

-toluenes. S(?e cresols. 

TTvoscvamine, atropine. 

“HyimoiK*,” 403. 

Hypo xanthine, 314, 345. 

Hypsochromic effect, 40t», 497. 

I. 

Iminazole, 551. 

Iinmo-<4iloridcs, 113. 

-ethers, 113, 111. 

Immiscible liquids, Separafion of, 25-27. 
Increment of the doiilde bond, 111. 
Indantliren-blue, 520. 

(iyestulTs, 520. 

“Indian yellow.” Hoo euxanthone. 
India-rublier. See caoutchouc. 

Indican, 54(3. 

Indigo, 379, 102, 421, 410, 447, 513, 

545-548- 

-sul}dionic acids, 402, 540. 
vat-dyeinf5, 517, 518. 

-white, 547. 

Indiffojcra arreefa^ 540. 

.'iumatrnun, 510. 

Indi^oids, 5 IS. 

IndiKoliii, 540. 

Indole, 543-545, 

-alanine. See injplophan. 

-aldehyde. 3-, 545. 
picrate, 545. 

Indolvlbenzoylaminoaerylie acid, 545. 
Indophen in-reaction, 535. 

Indoxyl, 546, 547. 

Infusorial <\‘irth. See kicaclguhr. 

Ink, 111. 

Inoculation. 219, 220. 

Inositol, 175. 

hcxa-acelale, 475. 

Intensity of colour, 490. 

Introduction, I -32. 

Inulin, 243, 201. 

Inversion , 241 , 252. 254-250, 26S, 209, 27S. 

of sucrose, Velocitv of, 255. 

Invertasc, 255, 250, 20S-272. 

Invert-sugar, 202, 241, 243, 252, 254- 
256, 532. 


196 . 

-iniiilit., 

3 O 9 , 370 , 4«1 
d«4i\oi uU‘, ‘.^70 
-butane, 2-, 17‘2. 

-\\ev.\,ue, ‘.V, 172 ., 

-plieiiol, 1‘2(V 

-propionic iiciil, 2-, 1.53, 29S. 

Iodoform, 51, 55, 163, 164, 480, 490. 

-test, 55, 163. 
lodosobenzene, 370. 
lodo\vbenzen(5 370. 

Ionization, 75, 255. 

-constant, 102, 103. 
lonono, 100. 

Iron, C/ataIvtic action of, 105, 309, 
410. 


Irone, 100. 

Isatin. 543, 544, 545, 540 
chloritlc, 515. 

/.sv>-amyl acedate^, 100. 

-amine, 90. 
isY>valcrate, 100. 

-borneol, 4SS. 

-l)orn\l formate, 488. 

-butene, 133, 137, 138. 

-butyl alcohol, 48, 50. 
brornopropionatc, 205. 

-carbinol, 48, 57, 301. 
ifxJide, 137. 

-butylene. See iaohutene. 

-butyric acids, 98, 99, 200, 487. 
-camphoric acids, 487. 

-carboTiitriU's, 88 - 90 , 102. 

-cinnamic, acids, 415. 

-crotonic acid, 154. 

-cyanic acid, 327, 330, 337, 345. 
-cyanic c*si(*rs, 327, 335, 337, 339. 
-cyannric esters, 327, 331. 

-cugenol, 153. 

-leucine, 301. 

-maltose, 270. 

-nieotinic acid, 528, 529. 

-nitriles. S«»e iHocarhonitrilefi. 

-nit roso-cam f )hor, 4S(). 

-ketones, 227. 

-phthalic acid. See mctaphthalic arid. 
-propyl alcohol, 48, 55, 56, 109, 130, 
107, 169. 

-amine, 70, 77. 

-benzene. See cumene. 

-carbinol. See imbutyl alcohol. 
iodide, 42, 99, 137. 

-quinoline, 543, 549, 557. 
sulphate, 543. 

-thioeyanic esters, 329, 330, 335. 

-urea, 338. 

-valeraldehydeammonia, 301 . 

-valeric arid, 250. 

Isomeric compounds, Physical prop- 
erties of, 45. 
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Isomcrides, 40. 

Number of possible, 43, 44. 
Isomerism, 2. 39-42. 

of the iilconok, Cnllai + i-Oli, 48, 49. 
alkanes, 39-44. 
amines, 70. 

Optical, spaciiil, or stereochemical. 
See stereisomcrism, ^ 

Isoprene, 144, 145, 482, 489, 490. ^ 


J. 

Jansen, 272. 

Japan camphor. See camphor. 
.Icssaminc oil. See oil of jessamine. 
JORISSEN, .TO. 

JULIN, 410. 

K. 

Kekul£, 363, 365, 367. 

Ke])haline, 176. 

Keratin, 31 1, 312, 313, 317, 318. 

Ketens. 1S4. 

Keto-alcohols. See carbohydrates. 
-aldehydes, 227. 

-hexamethylcne. See hexanone, cyclo-. 
-hexoses, 231, 531. 

-Iientamef hylene. See pentanone, 
cyclo-. 

-pcntanal, 4-, 490. 

-stearic acid, 157. 

Ketone decomposition, 285, 286, 287. 
Ketones, 56, 115-121, 129, 130, 142, 143, 
164, 167, 173, 2(K), 293, 402-404, 
554. 

c'jclo-y 353, 355. See also alkanones, 
cyclo-. 

lAoNitroso-, 227. 

Mixed, 117. 

IT nsatur ate( 1 , 1 60. 

Ketonic acids, 2S3-2S9, 555. 

form, 291-293. 

Ketoses, 231. 

Ketoximes, 120. 

“ Kicsel^uhr,'^ 171. 

KlEnDAllL, 6. 

Knoru, 291, 539. 

Kolhb, 1, 96, 197, 386. 440. 

Komppa; 487. 

Konios, 540, 558. 

KouNER^s jirinciple, 457, 458, 461. 
Kossel, 310, 317. 

Kostaneckf, von, 442. 

Krafpt, 155. 

Kreussler, 6. 

Kustbr, 213. 

L. 

Laboratory-methods, 17-^1. 
fiachr^^matory shells, 408. 
r.act-albumin, 310. 

T^actams, 298, 299. 

Lactates, 203. 


Lactic acid, 199-201, 202-205. 
d-, 203, 204, 220. 
i-, 203, 204, 220, 273. 

Racemic, 203, 204, 219, 220. 
fermentation, 202, 203, 267. 

Lactide, 201. 

Lactobionic acid, 251, 258. 

Lactones, 196, 197, 202, 205-207, 234, 
235, 23S, 240, 245, 498, 499. 
Lactonitrile, 204, 297. 

Tjactosazonc, 258. 

Lactose, 202, 203, 251, 257, 258, 261, 
263, 264, 267. 

Synthesis of, 261, 263, 264. 
TiADENRURa, 459, 527. 

Laevulaldehyde, 489. 

IHjroxide, 489. 

• Levulic acid, 159, 246, 288, 531. 
Levulose, 173, 241, 243, 244, 247, 252, 
255, 260, 261, 263, 264, 268, 269, 273, 
274, 287. 

7-, 263, 264. 

tetra-acctyl-compounds, 263. 

Lakes, 519. 

Lard, 171. 

Lassaiqnb'r test, 4. 

Lalexy 488, 489. 

Laurent, 2, 29, 30. 

I^olarimeter of, 29, 30. 
Lauwerenfiurgh, 165. 

Lavoisier, 3, 265. 

Law of Reer, 501. 

Berthelot, 25, 26. 

dilution, 102, 103. 

the even number of atoms, 43. 

Lead, 86. 
acetate, 98. 

Basic, 98, 254. 
mercaptides, 72. 
oleatc, 155. 
palmitate, 155. 
stearate, 155. 

Tjecithine, 175, 176. 

I^cithines, 175, 176. 

Lecitho-proteins. See conjugated pro- 
teins. 

lemonade, 224. 

Lemon-fi^rass oil. See oil of lemon-grass. 
Ijcmons, 224, 272. 

Tjepidinc, 558. 

Leucine, 3^^i 313, 315, 316, 318, 319. 

iso-y 301. 

Leuckart, 393. 

Leuco-bases, 493. 

-malachite-green, 493. 

Lichens, 443. 

Lierbrmann, 497. 

Reaction of, 381. 

Ltertq, 2, 5, 7, 18, 264, 265, 326. 

Condenser of, 18. 

Light oil, 36, 360, 523. 

j^troleum. See petroleumy light. 
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Lignin, 239, 277 , 278 , 280. 

Ligroi'n, 35. 

Lime-nitrogen, 330. 

-water test, 3. 

Limonene nitroso-chloricle, 483. 
Limoncnes, 481-483. 

Linen, 277, 278 , 280 , 435. 

Linneman, Eractionating-column of, 21. 
Linoleic acid, 171. 

Linseed oil. See oil of linseed. 

Lipase, 172, 268 , 270, 27x. 

Lipolytic enzymes, 270. 

Liqueurs, 243. 

Liquidambar orientcdis, 413. 

Liquids, Separation 01 solids and, 27. 
Lister, 375. 

Lithium urate, 345. 

Litmus, 424. 

Liver-oil. Sec oil, liver’-. 

Rabbit-, 277. 

Lobster, 282. 

Loubn^tz, 31. 

Lorenz, 31. 

Low wines, 52. 

Lubricating oil, 36. 

LuMiiiRE, 433. 

Lupine seeds, 301. 

Luteolin, 442. 

Lutidines, 526. 

Lyddite, 422. 

Lysine, 302 , 316. 

Lyxonie acid, 247. 

Lyxose, 247. 

M. 

Madder-root, 517, 518. 

Madeira, 54. 

Magenta, 125, 495 . 

Magnesium halides. Alkyl, 87 , 91, 106, 
107, 119. 

'Malachite-green, 492 , 493 , 404. 

Maleic acid, 189 - 191 , 192, 208, 216, 217, 
218, 304, 430. . 

anhydride, 189 , 191.w^ 

Malic acid, 189, 207 , 208 , 302, 550, 551. 
d-, 303. 

Z-, 303. 

Malonic acid, 178 , 182 - 184 , 185, 193, 
289 414. 

anhyaride, 184, 185. 

-ester synthesis, 183 , 184. 

Malonyl chloride, 426. 

-urea. Sec barbituric acid. 

Malt, 51 , 54. 

Maltase, 242, 260, 269 , 324. 

Maltobionic acid, 251. 

Maltosazone, 250. 

Maltose, 51, 52, 250 , 251 , 257, 260 , 261, 
262 - 264 , 268, 269, 276, 278, 280. 
iscH, 276. 
octa-acctate, 262. 


Maltose, Synthesis of, 261, 262 , 264 . 
Mandclic acid, 411. 
d-, 411. 

Z-, 220, 411. 
r-, 220, 273, 41 1. 

Mandelonitrilc, 411. 

Manneotetrose, 274. 

Mannitol, 172 ^ 173 , 236, 245 , 247. 
Mannosacchanc acicl, d-, 245 , 249. 
Mannonic acid, d-, 215, 247. 
i-, 247. 

Mannosazone, d-. See d’-glucoimzonc . 

i-. See i-glurosazone. 

Mannose, d-, 173, 236, 245 , 24(5, 247 , 
2(59, 278. 
t-, 247. 

Z-, 269. 

livdrazonc, d-, 245. 

Marckwali), 220. 

Margaric acid, 93. 

Margarine, 171, 172 . 

Margary Irnetliy Ikctone, 1 55. 

Marsh-gas. Sec methane. 

Mauttus’s yellow, 509. 

McKenzie, 273. 

Meconin, 557. 

Meconinic acid, 556 , 557. 

Mclanins, 453. 

Melediose, 274, 

Melissyl palmitate. See myricyl palmi- 
tale.' 

Mellitic acid, 358, 451 . 

MendelIqefp, 29, 53. 

Mendiuh's reaction, 90. 

Menschutkin, 77, 378. 

Menthane, 476 , 478 , 483. 

Menthanol, 3-. See menthol. 

Mentha pulcgium. See oil of polei. 
Menthenos, 480. 

Menthol, 220, 273, 476 , 477 , 481. 
Menthone, 477. 

Mercaptans, 71 , 72 , 73, 74, 105, 329. 
Mercaptides, 71, 72. 

Mercuriali,^ percnnis, 80. 

Mercuric cyanide, 229, 322 , 325 . 
formate, 95. 

fulminate, 281, 330 . 331 , 334, 417. 
Mercurous formate, 95. 

Mercury acetate, 400. 
alkhles, 87. 
mercapt ides, 72. 
phenide, 4(K5. 

thiocyanate, 329. ^ 

Mesitylenc, 358 , 362 , 459-461.'^ 
Mesitylenic acid, 461. 

Mesoxalic acid, 288 , 289 , 343. 
Mesoxalylurea. See alloxan. 
Metacetaldehyde, 127, 128. 
Affdo-compounds, 368. 

Metallic acetylenes, 142. 
alkidcs, 86 , 87. 

Meta-phthalic acid, 278, 451 , 461 . 
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Meta-phthalic ar.i(l-i)ro<cina, 300, 31 1 , 
312 , 314 
-styrene, 413. 

Methaerylie ac^id, 154. 

Mothanal. See formahHuidc, 

Methane, 32, 33 - 35 , 38 , 30, 40, 87, 98 , 
117, 12t», 113, KU, 323, 350, 407. 
-earlK)nyl->j;roiip. See arctyl-group. 
-earboxylie acid. See acetic acid, 
-dicarbc)xylic acid. See malonic acid. 
hoinolo^ues, Halogen derivatives of, 
104-10(5. 

-thiol. See mcthf/l mercaptan. 
\Iothanetricarboxylic acid, 103. 

Methanol. See mcthj/l alcohol. 

Methcnc, 134. 

-aminoae(‘tonitrile, 200 . 
Methoxy-liitidine, 205. 

-(quinoline, p-, .558. 

Methyl acetate, 111. 

-a(*.e 1 ic a{*id. See pro^nonic acid. 
-acotoanilidc, 381. 

acetonediearboxylate, Potassium salt 
of, 555. 

alcohol, 4S, 49 , 50 , 51 , (52, 72, 78, SO, 
95, 100, 1 12, 125, 120, 181 , 252, 278, 
202, 338, 382. 

-allo-xan, 34(5. 

-amine, 77, 79 , 80 , 120, 204, 324 , 320, 
338, 455, 551, 551, 555. 

-aniline, 380 , 381 , 382, 300, 534. 

hydrocliloride, 527, 
anthranilato, 447. 

-arsinic acid, 85. 

-benz(*m?. See toluene. 
bromide, 65. 

-butadiene- 1 ; 3, 2-. Heeitioprcnc. 
- 2 -butt\.nol-l . See huiylcarhimyly see- 
ondfir//. 

-3-l)iitanol-l . See bidr/lrarhinoly iso-. 
- 2 . See //^^4////5soprop/y/earbinol. 
-3. See dimfthpUiht/lcarhinol. 
-butene- 1, 2-, 480, 400. 

-w-butylaeetie aei<l, 287. 

-carbvlarnine, SO. 

chloride, 31, 65 , 134 , 300, 382. 

cyanide, 80. 

-c*//eZo-bTitanc», 352. 

-hexylidene-4-ae<4ic acid, 1-, 475. 
-pentadeeane-3-onf‘, 1-, 353. 
-ethyl-acetic acid. See valeric acid, 
active. 

-amine, 76, 70. 

-carlunol. See butpl alcohol, spc- 
omlary. 

-ethene, a.*}-. See 2-mefhylhulene-l. 
ether, 08. 

-ketone, 117 , 120, 227. 

-malonic acid, 183 , 205. 
fflucoside, a~, 242. 

0 -, 242. 

-glucosides, 233 , 234 , 242. 


Methyl-glycine, 341. 

-group, ‘ 35 . 

-heptane, 2-, 45. 

3- , 45. 

4- , 45. 

-hepteiione, 1150. 

-indole, 3-. Sec scat ole. 
iodide, 40, 41, 65 , 183, 234, 294, 351, 
370, 381, 30(5, 421, 423, 4(54, 52 4, 
550, 552, 55(5, 
i\se-cyanatc, 327. 

-propyl-benzene, /;-. See cymcnc. 
-carbinol, 48 , 145. 

-ketone, 145. 

-ketones, 119 , 142, 286 . 
magnesium iodide, 479. 

-maloni<; acid, 183. 
mercaptan, 72. 

-morph imethine, a-, 550. 

-morphoh 55(5. 

-naphtlialene, a-, 507. 

ft-, .W7. 
nifrit(‘, 81. 

-nonylketonc, 120 , 286 . 

it ro vanillin, 522. 

-orange, 43(5V^ 

-phc^nyl-hydrazine, 241, 21(5, 396 , 530. 
-hydrazon(‘s, 2 1(5. 

-j)ropiolate, 442. 

-pyrazolone*, 530. 

-phosphine, 85. 

-phosphinic acid, 85. 
picratc, 421 . 

-piperidine, 553, 

-2-])ropanol-l . See butyl alcohol, iso-. 
- 2 - pro pcnc- 1 , 1 32. 

-projn l-ca rl )i nol, 48. 

-ketone, 117. 

-p,\'ridin(* ioilide, 524. 

-j)yridines. See jncolincs. 

-pvrrole, 1 - (or A'-), 534. 

‘ 2 - (or «-), 531. 

-quinoline, p-. Sec Icpidinc. 

-succinic acid, 188. 

-succinimide, 554. 
sulphate. St*e dimethyl sulphate. 
-thiophen. See Ihiotolcn. 
t ropinonecarl )Oxy late, 555. 

-ureas, 338 , 340.‘ 

-violet, 405. 

Methylated ether, ( 18 . 

spirit, 55 , (58. 

Methylene. See methene. 

-aminoacet.onitrile. See metheneamino^ 
acetonitrile. 

chloride. See dichloromethane. 
-diphenyldiamine, 370. 
iodide. See di-4od(nnelhane. 

Meitlen, Ter, 7. 

Meyer, Kurt IL, 202. 

Victor, 11, 57, 409, 535, 537. 

Michael, 109. 
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MiciiLKiR’s ketone, 383. 

Microanjilysis, 6 , 272. 

Micro planktojif 37. 

M iddle oil. See carbolic oil. 

Milk, 251 , 271, 311, 445. 

-su^ar. Sc'o lactose. 

Millon's reagent, 310. 

Aliiieral acids, ('atalytic action of, 110 , 

111 , 122 , 12 s. 

Mixed crystals, 221 , 537. 
others, 09. 
ketones, 1 17. 

»biJe ecjuilibrium. Principle of, 90, 109 . 
Mohr, 355, 511. 

Moissan, 04. 

Alolasses, 300. 

Molecular association, 39, 40, 50. 
asymmetry, 60 , 222, 223, 475. 
tlc]>n»ssion of the freezing-point, 12 15. 
dispersion, 140. 
electric conductivity, 31, 102 . 
elevation of the boiling-point, 13-15. 
n ‘fraction. Sec r c Jr action ^ molecular. 
volume, 29 , 35 1. 

AvcMght of carbon, 17. 
Mono-alkyl-j)hosph in es, 84. 

-])hosphinic acids, 85. 

-urethanes, 312. 

-basic hydroxy-acids, 199 - 207 , 234. 

-I irorrio-. Sec* lu'omo^. 

-<;arbonyl-bond, 251 . 

-chloro-. S('(' chloro-. 

-acc4ic acicl. See arctic acitly (^hloro-. 
-ethyl. See ctht/l. 

-form in, 1 S 2 . 

-halogen compounds, .309, 370. 
-hydroxy-acids, 439-^111. 

-iodo-. See iodo-. 

-methyl. See wrihijl. 

-nitro-. Sec^ nitro-. 

-saccharides. Scje nionoscs. 

-sul[>honic acids, 372 374. 

Monos(*s, 231 - 249 , 250-2.52, 25G, 2.57, 
2t>l, 2 ()S, 2t»0, 274, 278, 315. 
Alonotropv, 401. 

Mordants,' 98, 498 , 519, .520, 548. 

Morin, 443. 

Morphine, .522, .551, 555 557 . 

Dimethyl vthor of. See thebainc. 
MonomethNl ether of. See codeine. 
Tautomer ism of, .557, 

Morns iinctoria, 443. 

Motor-s])irit, 30, 511, 

Moulds, 207, 277. 

Mocrkt^ 101 , 1.58, 402. 

Mucic acid, 246 , 5.32. 

Mucins, 311, 314 . 

Mulberry. See Morns iinctoria. 

M arex brandnrisy ,548. 

Murexide, 343. 

-test, 313. 

Muscarine, .551. 


Muscone, 353 , 419. 

Musk, Artificial, 419 , 480. 

Natural, 353, 419 , 480. 

Alustard-gas,^' 73. 

Mustiird-oils, 329, 330. 

-seeds, 329. 

Alutarotation, 241 , 242 , 200 , 425, 426. 
Myosin, 310, 311. 

Soluble, 311. 

Myosinogen, 311. 

Myricvl alcohol, 01. 
palmitate, 100 . 

N. 

llO 

NaphtliSiicnc, 14, 57, 340, 359, 43G, 447, 
4.58, 4.59, 504 513 , 51.5, 510. 

Const it ution of, 458, 4.59, .504 -500. 
-clicarl)oxylic acid, /Vri-, 507. 
dihydride, 506 , 510, 511. 

-stearosul phonic acid, 100 . 

-sulphonic acid, a-, .508. 
iS-, 508. 

Naphthaejuinone, a-, 510. 
itf-, 510. 

ainjjhi- (or 2 : (>), 510. 

-oxime, of-, 510. 

Naphthenes, 37, 471 . 

Naphthionic acid, .509. 

Naphthoic acid, a-, 507. 

.507. 

Naphthol, a-, 505, 508 . 

{i‘, 508. 

-disulphonic acid, «-, 509. 
-monosulphonic acid, a-, 509. 
-trisul!)honic acid, a-, 5()9. 

-yellow, 509. 

Naphthylamine, a-, 508 , 509 , 512, 513. 
-fi-, 508 , 509 , 512, ,513. 

-sulphonic acid, 1 : 4-. See naph^- 
ihionic acid, 

tetrahvdride, of-, 512, 513. 
fi-, 512, 513. 

Nareotine, 551, 557 . 

Nef, 89, 149, 331. 

Negative eatalysis. 110 , 158. 

Negroes, Colour ot, 4.54. 

Neijberg, 200 , 207. 

Neurine, 149. 

Newth, 134. 

Nicoiiana tabaenm. ,5,51. 

Nicotine, 529, 532, .549, 55i~553. 
Nicotinic aeiil, 528 , 529 , 552. 

iso^, 528, .529. 

Nicotyrinc, .5.52. 

Nitriles. See carhornt riles. 

iso~. See isomr/>o^^^7/'?7c.s•. 
Nitro-acotone, 410. 

-alkanes, 81 - 83 , 410. 

-amine, 340. 

-amines, Primary, 337, 341 , 342 , 381. 
Secondary, 342 , 383. 
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Nitro-anilinc, m-, 417, 420, 431 , 463. 

0 -, 418, 431 . 

P-, 431. 

-anilines, 431 , 432 , 497. 

-anisole, 428. 
benzaidchyde, m-, 451. 

0 -, 451 , 452 , 522. 

-benzene, 14, 25, 357, 370 , 371 , 375, 
379, 384, 385, 387, 388, 392, 406, 
417, 418, 420, 433, 473, 494, 497, 
500, 537, 540. 

-diazonium chloride, p-, 392. 
-sulphonic acid, w-, 419. 

0 -, 419. 
p-, 419. 

-benzoic acid, m-, 438 , 467. 

0 -, 438 , 467. 

P-, 438 . 467. 

-benzoyl chloride, o-, 543. 
cyanide, o-, 543. 

-formic acid, o-, 543. 

-benzyl chloride, p-, 502. 

-butane. Tertiary, 82. 

-cellulose, 281 , 488. 

-celluloses, 281. 

-cinnamaldehyde, o-, 640. 

-compounds, 81-83, 370. 

Primary, 82. 

Secondary, 82, 83. 

Tertiary, 82, 83. 

-2-cyanophenol, 3-, 469. 
-dimethylaniline, p-, 382. 

-ethane,’ 81-83. 

-glycerine. See glyceryl trinitrate. 
-guanidine, 342. 

-4-hydroxyphenylarsinic acid, 3-, 433. 
-mesidine, 460. 

-mesitylene, 460. 

-methane, 81 , 413. 

-naphthalene, a-, 458, 459, 508 
P-, 508. 

-<x-naphthylamine, 2-, 508. 

-paraffins. See nitroalkanes. 

-phenol, m-, 420 , 423, 463. 

0 -, 418 , 420 , 463. 

p-, 420 , 428, 429, 463, 498. 

-phenols, 375, 410, 420 - 422 . 
-phenyl-acetic acid, o-, 544. 

-nitromethane, m-, 409. 

-phthalic acid, 458. 

-propane. Secondary, 82. 

-prusside-test, 4. 

-pyridine, /3-, 525. 

-salicylonitrile. See 3-nifro-2-cj/ano- 
phenol. 

-styrene, 413. 

-thiophen, 537. ^ 

-toluene, m-, 371 , 464, 465."^ 

371 , 372 , 380, 438, 446, 452, 464, 
466. 

371 , 372 , 380, 464, 465. 
-urethane, MO. 


Nitrovanillin, Methyl ether of, o-, 622. 
Nitrogen, Quinquivalency of, 222, 390. 
Nitroso-amines, 78 , 79 , 80, 81 , 410 . 
-benzene, 387-388. 

-benzoic acid, o-, 452. 

-camphor, iso~, 486. 

-dimethylaniline, 382 , 389, 422. 

hydrochloride, 382. 

-ketones, iao-, 227. 

-phenol, p-. See benzoquinone mono- 
oxime. 

-piperidine, 524. 

Nitrous-acid test for amines, 78, 79. 

nitro-compounds, 82, 83. 
NdiiTiNG, 461, 464. 

Nomenclature of the alcohols, 
Cnll2ii+ii 01I, 48, 49. 

Nonane, 38. 

-dicarboxylic acid, 178. 

-diol-1 : 9, 184. 

Nonanol-l. See nonyl alcoh ol, normal. 
Nonanone, ryclo-^ 352. 

Nonoses. 268. 

Nonyl alcohol. Normal, 49. 

Nonylic acid, 93. 

Normal chains, 43. 

Nornarcotine, 557. 

Norris, 133. 

Notation, 43, 45. 

of the monoses, 241. 

Nucleic acids, 271, 313 , 314 . 
Nuclco-proteins, 311, 313 , 314 . 

Nucleus, Benzene-, 368. 

Number of carbon compounds, 2 , 43, 
350. 

possible isomer ides, 43, 44. 


O. 

Oak-tannin, 444. 

Octa-acetyl-cellobiononitrile, 259, 260. 
-sucrose, 263, 264. 

-decanecarboxylic -1 acid. See pelar- 
gonic acid. 

-decapejitide, 319. 

-methyl-cellobiose, 257. 

-sucrose, 260. 

-peptides, 319. 

-tetraene, cyclo-^ 367. 

Octane, n-, 35, 38 , 45 . 
cyclo-f 354. 

-derivatives, cyclo-, 353. 

Octanol- 1 . See octyl alcohol, normal. 
Octyl alcohol. Normal, 49. 

-amin'e. Normal, 79. 
bromiae, 78. 
iodide, Normal, 286. 

Odour, 419, 486. 

OiL Fusel-, 52 , 54, 66 , 57 , 135, 301 . 
Liver-, 271. 

Lubricating, 36. 

of bitter almonds, 171, 356, 40Z. 
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Oil of caraway, 356, 363, 482 . 
castor-se^, 100 . 
cinnamon, 414. 
citron, 159. 
cloves, 463. 
cumin, 356. 
eucalyptus, 363, 479. 
garlic, 150. 
jessamine, 544. 
lemon-grass, 159. 
linseed, 171, 402. 
olives. See olive oiL 
orange-rind, 159. 
peppermint, 476, 477. 
polei, 481. 
roses, 412. 
rue, 286. 
spinea, 452. 

the Dutch chemists, 105. 
thyme, 363. 

turpentine, 29, 402, 451, 477, 482 , 
485, 488. 
wintergreen, 439. 
worinseed, 479. 

Olive. See olive oil. 

Paraffin-. See naphtha. 

Train-, 37. 

Oils, 155, 165, 169, 171 , 172 . 

Drying, 171. 

Essential, 171, 412, 471 . 

Fatty or fixed, 171. 

TTanhming of, 172. 

Non-dr>dng, 171. 

Olefines. See alkcnes. 

Oleic acid, 100 , 152, 155 , 156 , 157, 171. 
series of acids, 152-156. 

Oleum cinrr. See oil of wormseed, 

Olive oil, 28, 171 . 

Opium. 551, 555 , 556 . 

Optical activity, 29 - 31 , 58, 218 - 223 , 353, 
471,475. 

isomerism. See stereoisomerism. 

Orange-rind oil. See oil of orange^nd. 

Oranges, 272. 

Orcinol, 424. 

Organic analysis, 4-10. 
chemistry, Definition of, 1 . 
compounds, Classification of, 31, 32. 

Orientation, 368 , 457 470 , 507 , 515, 
525, 526, 541, 542. 

Ornithine, 302 , 316, 341, 450 , 451 . 

Ortho-acetic acid, 97. 

-carbonic esters, 340. 

-compounds, 368. 

-esters, 92 ^ 162, 166 , 340. 

-formic acid, 162. 

Osazones, 232 , 233 , 234, 236. 

Oses. See monoses, 

Osides, 231. 

Osmotic pressure, 10, 12, 13, 101, 

320. 

Osones, 244. 


Ost’s solution, 214 , 232. 

OSTWALD, 102, 255. 

Over-proof spirit, 53. 

-voltage, 386. 

Oxalic acid, 1, 154, 178 - 182 , 185, 223, 
225, 253, 278, 283, 295, 322, 550. 
Oxalisj 179. 

Oxalyl chloride, 181. 

-urea. Sec parabanie acid. 

Oxamic acid, 181. 

Oxamide, 181. 

Oxanthrone, 517. 

Oximes, 120 , 293 , 294 , 404 , 405 , 410. 

Tautomerism of, 293, 294. 

Oxindole, 544. 

Oxonium salts, 295 , 296 , 443. 
Oxy-azo-com pounds, 410. 

-2 : 6 -dichloropurine, 8 -, 347. 
-haemoglobin, 314. 

-methylenes, 126. 

Oxygen -carriers, 7. 

Detection of, 4. 

Estimation of, 8 . 

Oysters, 277. 

Ozokerite, 36, 37. 

Ozonidcs, 226 , 489. 

P. 

Palmitic acid, 93 , 99 , 100 , 155, 171. 
Pancreas, 172, 268-270. 

Pancreatic juice, 319, 320. 

Papaveracew, 550. 

Papaver somniferum, 555. 

Pai)er, 278, 280 , 281 , 435. 

Parabanie acid, 343. 

I^aracetaldehyde, 122, 123, 127, 128. 
Para-compounds, 368. 

-cyanogen, 322. 

-formaldehyde, 126. 

-leucaniline, 494. 

-mandelic acid, 411. 

-rnyosinogen, 311. 

-rosaniline, 494. 

Paraffin, Liquid, 28, 36 . 

-oil. See naphtha. 

-wax, 35, 36 , 93, 100, 133. 

Paraffins, 35 , 141, 360-362. See also 
hydrocarbons, OiJl2n4 2, and sainraied 
hydrocarbons. 

cyclo~. See hydroaromatic compounds. 
Isomerism of the, 39-45. 

Structure of the, 39-44. 
Parchment-paiJcr, 281. 

Parsley, 250. 

Partial valencies, 307. 

Pasteur, 59, 60, 216, 219, 220, 222, 
265. 

Peachey, 489. 

Peat, Combustion of, 126. 

Pelargonic acid, 129, 155 , 157. 

Penicillium glaucum, 220 , 411. 
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Pentfi-chloroethanc, 162, 164. 

-tlecanecarhoxylic-l acid. See pair 
witir ariiL 

-dij^alloylKlucosc, 445. 

-hydric alcohoJs, 172, 232. 
-met.hyi-arninobotizeno, 382. 
-hen/onitrilc, 4()6. 

-pararosanilino. See methyl-violei, 
-methylene. See pentane^ cyrlo-. 
-diamine. See tl i a w i n o p cn lane, 
1 :5-. 

-hydro(‘hluride. See diammopen- 
innv hi/dr/trJih)ridef 1 l 6-. 
dibromid(*. See di L r o vi o p cut a n r, 
1 : 5-. 

-triaeoidane, .‘U, 38. 

Pciilaiie, 31, 38, 44, 59, 135, 141, 164, 
523. 

njdo-y 141, 352. 
derivatives, ryclo-^ 352, 353. 

-2 : ‘1-(lione. S(‘e an tyUirdnuc. 
Pentanol-l. See a/nj/l alcohol^ normal 
primanj. 

-2. See mrthyl propylcarbinol. 

-3. Se(‘ dicthytcarbinol. 

Pcutanols. Sec* amyl alcohols. 

Pentanone, cycLo-, 352, 353, 471. 

Pentene, Normal, J31. 

IVntenes, 131, 135, 137. 

Penforiie acids, 231, 23S. 

IVntosans, 230. 

Pentoses, 231, 232, 238, 239, 240, 250. 

274, 530, 531. 

Pentosuria j 230. 

Pent> I bromide, cyclo^, 342. 

derivat ives, cyclo-. Sec p c nt a n c 
dcri rati res , e v elo-. 
iodide, 137. 

Pe))per, 52S. 

J^ep|>errnint oil. Sc^e oil of pcpjKrmint. 
Pepsin, 2()S. 

Peptones, 312, 314, 315, 31S 320. 

Percent aj5e-eomposiiion, S-10. 
Perchloroethane. See hcjrachlorocthanc. 
Percolation, 550. 

Percussion-ca| )s, 330. 

Perfumes, Artificial, 160, 353,412,410, 
48<1, 544. 

/Y'rz-eomfK>uTids, 506, 507. 

Peuktn, W. H., .iun., 17S, 487, 550. 

Sir William, 414, 45 1, 455, 522. 

Petrol, 35, 3(5. 

1 'et roleum , 35-37. 

American, 35, 3(5. 

Caucasian, 37, 471 . 

-et her . See petr oleum , light. 

Formation of, 37. 

Java, 3(3. 

-jelly. Sec vaseline. 

Light, 25, 35, «7, 421. 

Pharaoh’s serpents, 329. 

Phenacetin, 433. 


Phenanthraquinone, 521, 522. 

Phenanthrene, 504, 514, 521, 522, 556. 
-carboxylic acid, jfcl-, 522. 

Phenetolc, 376, 391, 393, 433. 

Phenol, 12 -14, 359, 374, 375, 370, 391, 
303, 305, 420-422, 440, 452, 473, 
475, 48(5, 508, 534, 553. 

-phthalein, 448, 440, 498, 499.'^ 
-sulphonic acid, w-, 422. 

0-, 422, 423. 

/;-, 422, 420. 
acids, 422. 

Phenolates. Sec phenosides. 

I’henols, 374-376, 377, 395, 401, 402, 
435, 452, 504. 

Phenoxides, 375, 37(5, 443. 

Phenyl-acetic aeid, 411, 522. 

-acetylene, 413. 

-alanine, 316. 

-amine. See aniline. 
-aininopropionaldehyd( ^ 2-, 540. 

-anisyl ketone, 401. 

-arsine oxid«% 10(5. 

-arsinic acid, 40(5. 

-chloroamine, 370, 380. 

-et ha nol- 1 , 2-. S(»e phcnylcth yl alcohol. 
etIuT. See diphenyl ether. 

of salicylic acid, 442. 

-ethyl alcohol, 412. 

-et^vlene. See styrene. 

-glucosazoiH*, d-. Sec glucosazonCy d- 
phenyl. 

t~. Sec glucosazonCy [--phenyl . 
-glueosone, d-. See glncosonCy d- 
phenyL 

Sec glucosoncy i-phcnyh 
-glycine, 547. 

-e-carlH)xvlic acid, 54(5, 547. • 

-hvdrazine,’ 120, 121, 232, 233, 246,v^ 
247, 251, 277, 395, 396, 402, 530, 
530. 

hydrocliloride, 305. 

-hydrazones. See hydra zones. 
-hydroxylainine, 387, 388, 420. 
-2-hydn)xypropionie acid, I-. See 
tropic acid. 

-iodiile chloride. S(^e i od oh e men e 
dichloride. 

2,socyanate, 400. 
magnesium bromide, 370. 

-mannosazone. Sec g Inc osazone ^ 
phenyl-. 

mercury acetate, 40(5. 

hyilroxide, 40(5. 

-nitromethaiic, 408, 409, 412. 
-o-aminocinnarnic acid, or-, 522. 

-diazo-derivative, or-, 522. 
-nitroeinnamie mad, or-, 522. 

-phosphine, 405, 406. 

-phosphinie acid, 405. 

-phosphinyl chloride, 405. 

-propiolic acid, 413, 415. 
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Phenyl sfilioylate, 440. 

-sodionit roincthane, 502. 

-tolyl ketone, 404. 

-vinylacetie acid, 505, 508. 
xanthate, 39J5. 

Phcnylene-diacetic acid, o-, 511. 

-diamine, m-, 410, 4 1 7, 434, 430, 401 , 403. 
0-, 431. 

V ~, 434. 4(51.'^ 

-disulphonic acid, 7W-, 423. 
Phloroslueinol, 2S1, 35S, 4...6--428. 
triacef.atc, 420. 

Phosgene. See carbonyl chloride. 
Phosphatides, 175, 171). 

Phosphenyl chloride, 405, 406. 
Phosphenylous aci<l, 400. 

Phosf)hines, 84, 85. 

Phosphinohenzene, 405, 400. 
Phospho-benz('ne, 400. 

-j)roteins, 308, 31 1, 312. 

Phosphoniiim l)as«‘s, (^natornary, 81. 
Photochemical reactions, 514. 
Photographic film, 281. 

Photosyntliesis, 273. 

Phthjileins, 448, 449, 490, 498, 499. 
Phtlialic acid, 447, 418, 158, 459, 507, 
510, 511), 543. 

iso~. S(‘0 mctaphthalic acid. 

Tore-, 350, 451. 

. acids, 111, 447, 451, 457. 

anhydride, 447, 448, 449, 450, 515, 
5i0, 519. 

Phthalirnidc, 439, 440, 450. 

Phthalyl chloride, 447, 448. 

2.so-chloride, 447, 448. 

Physical properties of isomeric com- 
pounds, 45. 

Phytol, 534. 

Phytosterol, 272. 

Picoline, 526, 527. 

526, 553, 559. 

T-,.520. 

Picolines, 520. 

J'icolinic acid, 528, 529. 

Picramidc. 417, 421, 432. 

Picric aci(l, 310, 377, 37S, 417, 420-422, 
403, 404, 514. 

Picrvl chloride, 417, 421, 501. 

Pictet, 201, 202, 437, 471, 551, 552. 
Pimelic acid, 178, 475. 

Pinacolin, 167, 503. 

Pinacone, 167, 503. 

Pinaconcs, 107. 

Pinane, 484. 

Pinene, 485, 488. 

Pinic acid, 485. 

“Pink salt,’^ 498. 

Pinonic acid, 485. 

Pipcric acid, 454 , 4 SS, 528. 

Piperidine, 174, 524, 528 , 559. 

Piperinc, 454, 528 , 551. 

Piperonal, 453, 454 , 455 . 


Piperonylacraldehyde, 455. 

Pitch, 360. 

lake, 37. 

Plankton y 37. 

Platinotypes, 180. 

Polarirncter, Laurent’s, 29, 30. 

Polar imetry, 29, 30, 253, 254. 

Folci oil. See oil of polci. 
l*oly-amino-c()in pounds, 434-437. 

-basic acids, 177-194, 447-451. 

hydroxy -acids, 224. 

-luilogcn derivatives, lOl-lOO, 41(5. 
-hydric alcohols, 100-1 /.i. 

phenols, 158, 423-429. 

-methylene compounds. Sec alicyclic 
compounds. 

-n itro-deriva t i ves, 4 1 7-4 1 9. 
-oxvrnethvlene, a-, 125. 
ii-y 125 .^ 

7-, 125. 

5-, 125. 

-peptides, 318, 319, 320. 

-saccharides. See pohjoses. 

-siilfdionic acids, 119. 

-terpenes, 488, 489. 

Polymerization, 122, 123, 120-128, 158. 

of aldehydes, 122, 123, 12(5-128. 
Polyoses, 231, 23(5, 238-240, 2(52, 2(58, 
273-281, 315. 

C'onstilution of the higher, 278-280. 
Port, 54. 

Potash-bulbs, 5, 0. 

Potassiofn rrole, 533, 534. 

Potassium acetate, 211, 290, 412. 
anilide, 380. 

antimonyl rMartrate, 213. 

benzenesulphonafe, 374, 397. 

benzoate, 401, 403. 

carbazole, 514. 

carbonyl, 429. 

co])j>er-propiolatc, 1 93. 

cui)rous cyanide, 392. 

evanate, 322, 327, 330, 345. 

eVanide, 1, 88, 90, 119, 152, 154, 102, 

‘ 174, 182, 184, 185, 193, 224, 299, 
322, 324, 325, '^27, 397, 411, 502, 
530, 542. 

diacet y lenodicarboxylate, 193. 
ethoxide, (52, 335. 
ethysulphato, 67, 72, 73, 88. 
ferric oxalate, 180. 
ferricyanide, 193. 
ferrocyanide, 88, 90, 323, 326. 
ferrous oxalate, 180. 
formate, 12(5, 179, 325. 
glycollate, 190. 

hydrogen diacet vlcnedicarbox\’late, 
193. 

mesotartrate, 210. 
saccharate, 241. 

^/-tartrate, 212, 213. 
lactate, 203. 
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Potassium monochloroacetate, 182. 
nitrophenoxides, 432. 
oxalate, 179. 

])hthalaminate, 446. 
phthalimide, 450. 
propiolate, 193. 
d-tartratc, 213. 

tctra-aeetylenedicarboxylate, 193. 
thiocyanate, 328. 
trithiocarbonate, 334. 
xanthate, 335 , 392. 

Potato-starch, 276, 277. 

PoTONllC, 37. 

Pkegl, 6 . 

Primary alcohols, 49 , 56, 57, 87, 92, 106, 
109, 115, 117, 118, 125, 131. 
aminos, 76 , 77, 78 , 79 , 81, 89,90, 120 , 
162, 282, 337, 341, 377“383- 
arsines, 85. 
carbon atoms, 43. 
compounds, 49. 
nitro-aminea, 342. 

-compounds, 82. 
phosphine's, 85. 
reduction-iiroducts, 387, 388. 
valencies, 498. 

Principle of mobile equilibrium, 99, 109 . 

the counter-current, 253. 

Pring, 34. 

Procellose, 279 , 280. 

Producor-Ras, 50. 

Prolino, 316 , 318. 534. 

Proof-spirit, 53. 

Propanal. »S''e jyrojnonaUlehyde. 
n/clo-f 352. 

Projiane, 34, 35 , 38 , 39, 41, 42. 

-carbonyl-j;roup. Hoc hutyryUgrou'p, 
-carboxylic-l acid. Sec butyric aHd, 
normal. 

-2 acid. See xmhutyric acid. 
acids. Sec bniijric acida. 
cychh-y 345, 354 . 
derivatives, cyclo-y 351 , 353. 

-I : 3 -dicarbonitrilc, 174. 

-I : 2-diol. See yropeneglycol. 

-1 : 2 : 3 -tricarboxylic acid. See tri- 
carballylic acid. 

Propanol- 1. Sw? propyl alcohol, normal. 

- 2 . See propyl alcoholy iso-. 

Propanols. See propyl alcohols. 
Propanone. Sec acetone. 

Propargyl alcohol, 149, 150 , 151 . 

compounds, 148, 149. 

Propenal. See acraldehyde. 

Propene. 13 1 , 136, 137, i66, 169, 477, 483. 
-l-carooxylic-l acid. See crotonic add. 
- 2 -carboxylic-l acid. See vinylacetic 
acid. 

chloride, 137, 169 . 

-glycol, 199, 203. 

- 1 : 2 : 3-tricarboxylic acid. See oco- 
nitic add. 


Propenol-l, 2-. See allyl alcohol. 
Propenylpyridine, a-, 527. 

ProiKjrties of alcohols, CnHan+i-OH. 
49 , 50. 

Propiolaldehyde, 159. 

-acetal, 159 , 638. 

Propiolic acid, 151. 

series of acids, 156, 157. 
Propionaldelo^dc, 55, 116 , 118, 137, 
148. 

Propionic acid, 55, 88 , 89, 93 , 98, 103, 
117, 129, 153, 196, 201, 204, 284. 
Propionitrile, 89. 

Propiony 1-group, 94. 

Propyl alcohol, iso-, 48 , 55 , 56 , 109, 130, 
167, 169 . 

Normal, 48 , 49 , 55 , 56 , 67, 109, 148, 
150. 

alcohols, 48 , 49 , 55 , 56 , 68 , 109, 130. 
-amine, f.so-, 76, 77. 

Normal, 76, 77, 79 . 

-benzene, iso-. See cumene. 
bromide, Normal, 65 , 78. 

-carbinol, iso-. See isobutyl alcohol. 
Normal. See butyl alcohol, normal 
primary. 

-carboxylic acid, cyclo-, 155, 351 . 
cliloride, Normal, 65. 
cyanide, 154. 

derivatives, cyclo. See jrropane deriva- 
tives, cyclo-. 

-dicarboxylic acid, cyclo-, 351. 

-group, 35. 

iodide, iso-, 42, 99, 137. 

Normal, 42, 65 , 99, 137. 

-piperidine, a-, 527. 
ti-y 528. 
y-, 527, 528. 

-p.seMf/onitrole, 83. 

Propylene. See propene. 

chloride. See propene chloride. 

-glycol. See propeneglycol. 

Propylidene chloride, 137 , 147. 

Propyne. See allylene. 

-l-carboxylic-l acid. See teirolic add. 
Propynol- 1 , 2-. See propargyl alcohol. 
Prosthetic group, 310, 311. 

Protamines, 310. 

Proteans, 311. 

Protein-derivatives, 309, 311, 312, 314, 
315. 

Proteins, 2, 52, 127, 253, 254, 264, 265, 
268, 270, 282, 297, 299, 301, 302, 308 - 
321 ., 341, 445, 446, 453, 526, 532, 545, 
556. 

Proteoses, 312, 314, 315. 
Protocatechualdehyde, 453, 455 . 
Protocatechuic acid, 441 , 443, 455. 
Protoplasm, 252, 265. 

Prussian-blue test, 4. 

Prussic acid. See hydrogen cyanide. 
PSCHORR, 522. 
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Pseiuia-ncidSf 408 - 410 , 499, 517. 
-bases. See colour-bases, 

-ionone, 160. 

-nitroles, 83. 

-racemic mixed crystals, 221 , 222 . 


-uric acid, 345. 

Ptomaines, 174 , 315. 

Ptyalin, 268. 

Pmegone, 480, 481 . 

PUHDIE, 219. 

IMirine, 346, 347 . 

“ Purple of the ancients,” 548. 

Purpurin, 520. 

PuiiVEs, 239. 

Putrefactive fermentation, 267. 
Putrcscine. See diaminobutane, 1 : 4-. 
Pyknometer, 29. 

Pyrazolc, 30<>, 349, 537~539- 
Pyrazoline, 538, 539. 

Pyrazolone, 410, 539 . 

v^yridine, 110, 233, 246, 290, 349, 350, 
359, 523 - 529 , 541, 549, 552, 554, 557. 
-carboxylic acids, 528, 529. 
compounds with platinum chloride, 
523, 524. 

ferrocyanidc, 523. 

-sulphonic acid, 523 , 525. 

-tricarboxylic acid, ot^y-, 558. 
Pyro-catechin or pyrocatechol. See 
calechol, 

-gallic acid. See 'pyrogallol, 

-gallol, 158, 424 , 441. 

-mellitic acid, 451. 

anhydride, 451. 

-mucic acid, 530, 532 . 

-racemic acid. See pyruvic acid. 
-tartaric acid, 213. 

Pyrone derivatives, 294 - 296 , 449. 

Pyrrole, 349, 524, 532 - 535 , 544, 552.^^ 
-carboxylic acid, 2-, 534. 

N-(3-pyridyl)-, 552. 

-red, 533. 

< ' Pyrrol idin. ” See tctrahydropi/rrole. 

^ ‘ Pyrrol in . ” See dihydropyrrole. 
l*yruvaldehyde, 266 , 267. 

Pyruvic acid, 200, 213, 266 , 267, 283 , 
284 . 


Q. 

Quadrivalent oxygen, 295. 

Quadroxalates, 180. 

Qualitative analysis, 3, 4. 

Quantitative analysis, 4-10. 

Quaternary ammonium bases, 76 , 77 , 
383. 

arsonium bases, 85. 
carbon atoms, 43. 
phosphonium bases, 84. 

Quick process for vinegar, 96, 

Quina-red, 558. 

Quinhydrone, 429 , 499. 

Quinic acid, 558. 


Quinidine, 559. 

Quinine. 411, 445, 549, 551, 558 , 559 . 
Quinitol, 474. 

CTS-, 474. 
trans-f 474. 

Quinol, 158, 423 , 424 , 429, 434, 493, 499. 
Quinoline, 245, 246, 350, 359, 477, 523, 
524, 528, 529, 540-543, 649, 559. 
dichromate, 540. 

ISO-, 543 , 549, 557. 
sulphate, 2 .so-^ 543. 

-sulphonic acids, 542. 

Quinolinic acid, 529 , 541. 

Quinone. See benzoquinone. 
di-imide, 434. 

Quinones, 429, 430, 515-517. 

0 -, 429. 

Quinonoid forms, 428, 493 , 498, 499, 500. 
Quinotannic acid, 558. 

Quinovic acid, 558. 

Quinovin, 558. 

Quinoxalincs, 434. 


R. 

Racemic acid. Sec tartaric acid, r-. 
substances, 203 , 215. 

Resolution of, 218-223. 
Racemisation, 305. 

Racemoids, 221. 

Rafhnose, 273, 274. 

RanuncidaceiF, 550. 

Raphides, 179. 

Reactions, Bimolecular, 77, 110, 111. 
Reversible, 107 , 122. 

IJnimolecular, 111 . 

Reagent, 8 rniFF's, 125. 
Reduction-products, Chemical or sec- 
ondary, 387, 388. 

Electrolytic or primary, 387, 388. 
Reflux-condenser, 18. 

Refraction, 31 , 132, 140, 141, 172, 177, 
291, 355, 410, 448, 513. 

Atomic, 448. 

Index of, 31. 

Molecular, 31 , 39, 140, 141, 146, 154, 
355, 410, 448, 513. 

Refractive power. See refraction. 
Reimer's synthesis, 452, 453. 

Rennet, 311. 

Reseda luteola. See dyer^s weld. 

Residual affinity, 367. 

Resinification, 123 , 124, 158. 

Resins, 158, 437, 471. 

Phenolic, 376. 

Resorcin. See resorcinol. 

-yellow, 437. 

Resorcinol, 4 x 9 , 423 , 424 , 429, 437, 448. 
449, 532. 

-phthalein. See fluorescein. 

Reversible reactions, 107, 122. 
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Hire, 272. 

-bran, 272. 

-starch, 275. 

Ricinus communis^ 99, 100. 

Rickets, 271. 

Rigor mortis j lUl. 

Ring compounds. Sec cyclic compounds, 
-systems. Fluctuating or undulating, 
*355, 171 • 

Robinson, 554, 5.59. 

“ Rodinal,” 4:k‘j. 

Rontgen rays, (il. 

“Rongalito,*^ 127 , 547. 

RoozEBoo^f, Rakiicis, 221. 

Ro.saniline, 494 , 495 , 497.V' 

Rosaniliiies, 492 - 496 , 499.- 
Rose, 44.4. 

Rosenheim, .4! 1. 

Rosolic ac*id, 190. 

Rotation ()f plane of polarization, 29 - 31 , 
5S, .59. 

Rotatory power, Specific, .40. 

Ruberythric acid, 51 S. 

Rue oil. Sec oil of rue. 

Rum, . 54 . 

Ruta gravcolcns, 280. 

Ruthekforo. .404. 

Rttzicka, .4.52, .4.53, 355. 

Rye-standi, 275. 

S. 

Sabatier, .43, 135, 472, 473. 
Saccharase-unit, 270. 

-value, 270. 

Saccliaratos, 236 , 2.52, 2.53. 

Saccliaric acid, d-, 241 , 249. 

Saccharides. Sec carbohydrates. 
Saccharificat ion, .51, 

“Saccharin,” 4:hS, 

Saccharose. Sec sucrose. 

Saoiise, 3 . 54 , 355. 

Saint Gilles, Fean db, 107j 
Saliein, 4.49. 

Salicylaldehyde, 4.52. 

'Nj?alicvli(? acid, 439 , 440 , 442, 401, 402, 
534, 539. 

Saligenin, 439. 

“Salipyrine,’' .539. 

Saliva, 2 ()S. 

Salmine, 310, 317 . 

Salmon, 101. 

‘‘Salol,” 440. 

“Salt of sorrel, “ ISO. 

“Salting-out,” 100 , 308, 309, 312, 4.44. 
“Salvarsan,” 433. 

Sandmeyrr, 392. 

Saponification, no, itt, 187, 188. 

of fats, 99 , 100 , 110-112, 272. 
Sapropropeliumy 37. 

Sarcolactic acid, 203. 

Sar cosine. See methyl glycine. 


Saturated hydrocarbons, 33 - 

45 , SO, 87, 101 , 100, .45 1, 3.55. See also 
hydroearborui, ('Dllan-f li, and paraffins. 

Sawdust, 179. 

Scatolo, 31.5, 310, 545 . 

S(aiEELE, 1, 

SniiFF's reagent, 125 , 230, 235. 

Schizosneeh a ram yces oetos par u s , 209 . 

S(aiw\NN, 205. 

Selcro-proteins, 311, 312 , 313 . 

Schmidt, 110. 

S(mt TZEM>EUGER, .4 1 ,5-3 I 7. 

SriiWEiT/Eu’s reagc'iit, 278 , 2Sl. 

Scutching, 2<S(). 

Sel)acic iieid, 178. 

Socondarv alcohols, 49 , 50, .57, 109, 115- 
117, 119 , 131. 
amines, 76 - 79 , S9, .412. 
arsines, 85. 
carbon atoms, 43. 
compounds, M). 
iiitro-amiiH's, 342. 

-compounds, 82, 83. 
phosphin(*s, 85. 
reduction -products, 387, 388. 
valencies, 498 , .520. 

Sedimentat ion-v(‘loeity, 32t). 

Selenium compounds, 74. 

Semidine-t ransforinat ion, 385. 

Srnderens, 33, 09, 472, -473. 

Senikh, 170, .420. 

Sentkr, .403. 

Sepiuating-funnel, 25. 

Scfiaration of amines, 78, 79. 
immiscible licpiids, 2.5-27. 
solids and licpiids, 27. 
from fine ariotlicr, 27, 28. 

Seriein, 313. 

Sericoiii, 320. 

Serine, 310. 

SERTi'TRNEll, ,5.55. 

Serum-albumin, 308, 310 , 320. 

-globulin, 310. 

Sherry, .54. 

Shrimp, 282. 

Sido-eliain, 45, 308. 

Silanes, 80. 

Silicanes. See silanes. 

Silicoheptane. See friclhylmonosilanc. 

Silicon alkidcs. Sec silanes. 
atoms, .Asy mmetric, 222 . 

CUu^mistry of, 80. 

tot r: ict h ide. See ietraethylmonosilane. 

Silk, 4.45i 

Artificial, 281. 

-gu ra . See seriein, 

Silva, 109. 

Silver acetate, 93, 106. 
acetylene, 142. 
cyanamide, 330. 
cyanate, 327. 
cyanide, 322 , 543. 
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Silver cyanurate, 331, 332. 
formate, 95. 
fulminate, 330. 
licvulale, 240. 

-mirror-tesi, 125. 
pieratc, 421. 

-salvarsan, 434. 
thiocynniite, 328, 329. 

Simpson, 101, 

Skuatu', 510-542, 558. 

Sleeping Hickn(\ss. Sec trypanosomiasis. 
Smokeless ])o\vder, 281. 

Soil]), (Ireen, 100. 

Hard, 100. 

Potassium-, 100. 

Sodium-, 100. 

Soft, 100. 

Soayw, 100-102. 

Sodii-Iim e-test, 4. 

Sodiirnide, 22S, 508. 

Sodio-acelylaeet one, 290. 

-w-amyla eeU lene, 228. 

-dinitroelliane, 410. 

-n it ro-f thane, S2. 

-y)ropane, S<‘C()ndarv, 82. 

-phenyl-nit roincthane 409. 

-7Nonit rom(4 haiie, 109. 

Sodium acetate, 9S, 101, 10<>, 233, 411, 
455. 

acel>lene, 15(», 325. 
alkides, S7. 

amiiionium rac<»mate, 219, 221. 

7/-I art rale, 219. 

/-tartrate, 219. 

ant hra(iuinonesuly)honate, 518. 
benzoate, 399. 

carbide. See sodium acetylene. 
cyanamide, 324. 
cyanide, 259, 324, 325. 
ethanolale. See sodium rthoxidc. 
ethoxide, 62, 82, 102, 10(), 227, 228, 
280, 302, 347, 418. 

cthynecarboxylatc. See sodium pro- 
pioUite. 

ferric lactate, 203. 
formate, 179, 488. 
hydroy^cm urate, 345. 
lactate, 203. 

methanolate. Sec sodium methoxide. 
met hide, 87. 

methoxide, 62, 07, 82, 92, 259, 202, 
291, 370, 417, 418. 
-nitroprussidc-test, 4. 
oleat(‘, 101. 
oxalate, 179. 

-y;-aeetylaminophcnj4arsinate. Sec 
arsaretin. 

-4iminof>henylarsinate. Sec atoxyl. 
-nitrophenoxide, 428, 420. 
palmitate, 101. 

phenoxide, 375, 370, 440, 4 42, 534. 
phenylcarbonate, 440. 


Sodium phenylsalicylate, 440. 
propiolate, 150. 
salicylate, 440. 
stearate, 92, 101. 
succinate, 530. 
sulphanilate, 432. 
urate, 345. 

Solanacca’y 550. 

S^diilde m^'o^en-fibrin. See myosiUj 
soluble. 

Solvents, ( 'rj oseopic, 12, 13, 14. 
Ebiillioseopic, 14. 

Extraction with, 25-27. 

Soporifics, 130, 229, 403. 

Sorbitol, d-y 241, 425. 

Sorl >oso-l )i \ ct eria, 237. 

Spacial isomerism. Sc*c stereoisomerism. 

Specific y!;ravity, Deteiinination of. See 
density^ deter mhiation of. 
rotatory power, 30. 

Spent I(‘('s, 52. 
wash, 52, 321. 

Spermac(‘ti, 01. 

Spiraea oil. Sec oil of spinra. 

Sjiirits, 52. 
of wine. 52. 

Spleen, 175. 

Spon;jcin, 313. 

Starch, 51, 57, 231, 241, 243, 250, 208, 
273, 274 277, 278, 279, 280, 320. 
Manufactun' of, 277. 

Steain-distillat ion, 23-25. 

Stearic acid, 14, 93, 99, 100, 133, 155, 
171. 

Structure of, 155. 

“Stearine,” 100. 
candles, 100, 172. 

Stearolie acid, 150. 

Stearyl alcohol, 92. 

Stcrco<4icrnical isomerism. See stereo- 
istnnerism. 

Stereoeheinistrv of the mono.ses, 247- 
250, 202, 209. 

Stereoisomerism, 59-61, 189-191, 197- 
199, 2t)3-205, 208-212, 212, 217- 
249, 302-305, 321, 3(i7, 404, 405, 
414, 415, 425, 420, 474, 511, 555, 559. 
of nitrogen, 404, 405. 

VAN 't Hokk’b theory of, 59-01. 

Sterility, 271. 

Sterols, 272. 

Stilbene, 502, 521, 

Stout., 534. 

Sforax, 413. 

Strainless models for nj( lohcxnne, 354, 

. 355, •')11. 
rings, 51 1 . 

Str;iin-th«‘orv, von Baeyer’s, 139, 140, 
187, 305, 354. 

Straw, 240, 280. 

Strec'ker, 297. 

Strength of acids, 103. 
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Strong hydrolysis, 285. 

Stnictural or constitutional formula, 
41 , 48. 

Structure of the alkanes, 89-44. 
Strychnine, 220 , 445, 549, 551, 559 , 560 . 
lactatios, 220 . 

Strychnos nux vomica^ 559. 

Sturinc, 310. 

Styphnic acid, 423. 

Styrene, 413. 

Suberic acid, 17S. 

Suberone, 353, 554. 

Substitution, 34 , 204. 

Succinald-dioxime, 533. 
Succindiiildchyde. hiitanc-l : 4-f/iaZ. 
Succinic acid, 27, 178 , 184 , 185 , 186, 189, 
192, 206, 207, 213, 550. 
anhydride, 185, 186. 

Succinimidc, 186. 

Succinonit rile. See cthene njnnvlc. 
Sucrose, 29, 99, 169, 179, 202, 224, 239, 
241, 251 - 256 , 257, 260 - 264 , - 68 , 
269, 274, 439, 532. 

^lanufacture of, 252, 253. 
(Quantitative estimation of, 253, 254. 
Synthesis of, 2(>1, 263 , 264 . 

Velocity of inversion of, 254* 256. 
Sugar-beet, 239, 251, 252 , 253 , 300, 551. 
-cane, 251, 252 . 

Cane-. See sucroae. 
of lead. See lead acetate. 

Sugars. See carbohydrates. 

Sulphanilic acid, 429, 432 , 433. 

Sulf)hmic acids, Alkyl-, 74. 
Sulphite-rnethod, 280 , 363, 
Sulpho-bcnzenediazonium chloride, jy-, 
436, 437. 

-})enzoic acid, m-, 438. 
a-, 438, 439. 
acids, 438, 439. 

-cyanic acid. Sec thiocyanic acid. 
-pyromucic acid, 532. 

Sulphonal, 130. 

SuIphonamidcH, 373. 

Sul]>honcs, 74. 

Sulphonic acids, 74, 372-374, 418, 422, 
432, 43S, 439. 

Sulphonium halides, 73. 
hydroxides, 73. 
iodides, 73. 

Sulphony l chlorides. Alkyl-, 74. 

Aromatic, 373. 

Sulphoxides, 7 1. 

Sulphur, Kstimation of, 7. 

Suprarenine. Sec adrenaline, 

SVEDBERCJ, 320. 

Symmetrical compounds, 368. 

Syntonins. See meia^pr oleins, 

T. 

Tallow, Beef-, 171. 

Mutton-, 171. 


Tanaeetonc. See thujone. 

Tannic acids. See tannins. 

Tannin, 276, 310, 313, 444 - 446 , 649. 
Tanning, 445, 446. 

Tannins, 444-446. 

1'anhet, 242. 

“Tapping,'* 488. 

Tar, 359 , 360 , 362, 374, 503, 504, 613, 
535, 540, 543, 544. 

Vacuum-, 359 , 471. 

Wood-, 50. 

“Tartar-emetic," 213.^ 

Tartaric acid, (/-, 208-211, 212 - 214 , 215, 
218, 220, 273, 283. 

Z-, 208-212, 214 , 215, 218, 220 , 273. 
Meso-, 208 210, 212 , 214, 215 , 216 , 
217, 250. 

r-, 208-210, 212, 214 , 215 , 216, 217, 
220 283 

Tartaric acids, 208-218. 

Tartronic acid, 169, 207 . 

Tautomcrism, 289 - 294 , .321, 342, 426 - 
429 , 447, 448, 617, 530, 538, 543, 547. 
Tea, 346 , 441, 145, 549. 

3’ellurium compounds, 74. 

3>rephthalic acid, 356, 451 . 

1 crminal carl >011 atoms, 43. 

Terpenes. 363, 471, 476 - 485 , 488 , 489 . 
Terpineol, 480 , 481 , 482, 485. 

Terpinol, 477 - 480 , 482. 

h^'drate, 477 , 478 , 480. 

'J^rpinolenc, 481, 482. 

Tertiary alcohols, 49 , 56, 57, 106 , 107 , 
109, 1 19 , 131. 

aminos, 76 - 79 , 89, 395, 550. 
arsines, 85. 
carbon atoms, 43 , 49. 
compounds, 49. 
nitro-eompounds, 82, 83, 
phosphines, 85. 

Test, HEITiSTElN's, 4. 

Carbylamim;-, 79, 89 , 379. 

( k)p|)cr-oxidc-, 3. 

Iodoform-, 55, 163 . 

Lasraigne's, 4. 

Lime-water-, 3. 
l^ussian-blue-, 4. 

Silver-mirror-, 125. 

Soda-lime-, 4. 

Sodium-nitroprusside-, 4. 

Tkommer's, 232. 

Test for absolute alcohol, 53. 
acetates. Cacodyl-, 85, 98 . 

Ferric-chloride, 98. 
amines, Nitrous-acid-, 78, 79. 
-amino-acids, 298. 
amyloses, 279. 
anthraquinone, 517. 
artificial honey, 532. 
blood, 314. 
cellulose, 278. 
cj/rZohexanone, 475. 
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Test for dextrins, 276, 277. 
dextrose, 241. 

double bonds, von Baeyer’s, 132. 

formaldehyde, 379. 

galactose, 245. 

glycerol, 170. 

hexoses, 246. 

identity of substances, 28. 
ketoses, 244. 
lignin, 278, 280 , 281 . 
nitric acid, 380. 

nitro-compounds. Nitrous-acid-, 82, 
83. 

nitrous acid, 434, 436 . 
pentoses, 240. 
phenols, 375. 
phthalic acid, 448. 
anhydride, 448. 

primary amines, Hofmann's, 79, 
89 , 379. 
pyridine, .524. 
pyrrole, 533. 
resorcinol, 448. 
starch, 275. 
xylose, 240. 

Tests for aldehydes, 125. 

amines, 78, 79, 89 , 90 , 379. 
aniline, 379, 380. 
ethyl alcohol, 55, 163 , 399 . 
hyaroxyl-group, 46, 47, 104, 105. 
monoses, 232, 233. 
primary, secondary, and tertiary 
alcohols, 57. 
proteins, 310. 

tautomeric forms, 291-293. 
Tetra-acetyl-dextrose, 263, 264. 
-laRvulose, 263, 264. 

^-laRvulosc, 263, 264. 
-acetylencdicarboxylic acid, 193. 
-alkylammonium iodides, velocity of 
formation of, 77, 78. 
-anisylhydrazine, 501. 

-bromo-ethane, 514. 

-fluorescein, 449. 

-methane. See carbon tetra!)ro~ 
mide, 

-chloro-ethane, 164, 165 . 

-ethene, 162, 164 , 197 . 

-methane. See carbon tetrachloride. 
-decane, 38. 

-ethyl-ammonium hydroxide. 75, 80 . 
disodioethanetetracarboxylate, 505. 
hydronaphthalenetetracarboxylate, 
505. 

-iodotyrosine, 454. 

-methane, 86 . 

-monosilane, 86 . 
orthooarbonate, 340. 

-fluoromethane. See carbon tetrafluor- 
ide. 

-hydro-benzene. See hexene^ cyclo-. 
-naphthalene, 511. 


Tetra-hydropyrrole, 534, 561, 552, 564. 
-carboxylic acid. See proline. 
-hydroxyflavone, 1:3:2'; 4'-. See 
morin. 

1:3:3': 4'-. See luteolin. 
-methyl-ammonium hydroxide, 80. 
-butane, 2:2': 3 :*3'-, 45. 

-dextrose, 242, 257, 200, 279. 
-glucose. See tetramethyldexirose. 
-lajvulose, 2 () 1 , 

-diamino - benzophenone. See 
Michler’s ketone. 
-triphciiyl-carbinol, 493. 

-methane, 492, 493. 

-uric acid, 348. 

-xylose, 239. 

-methylene. See butane, cyclo-. 

-diamine. See diaminobutanp, 1 : 4-. 
-nitrophenol, 2:3:4: 6 -, 423. 
-peptides, 319. 

-phenylhydrazine, 601 . 

“Tetralin." See tetrahydronaphthalene. 
Tetrolic acid, 156. 

Tetronal, 130. 

Tetroses, 238, 274. 

Thebaine, 567. 

Theine. See caffeine. 

Theobromine, 345 - 347 , 549, 551. 

Theory of stereoisomerism, van 't 
Hoff's, 59-61. 

Thermometers, Abbreviated, 29. 

Thiele, 28, 145, 365, 367, 605. 
Thio-cyanic acid, 328, 329. 
esters, 329. 

TSO-, 329 , 330 , 335. 

-ethers, 71 , 73 , 74. 

-indigo, 548. 

-methylene, 330. 

-phenol, 357, 373 , 374 , 

-saccharin, 439. 

-tolen, 535. 

Thiolates. See mercapiides. 

Thiols. See merraptans. 

Thiophen, ;149, 535-“537- 
-carboxylic acid, 2-, 537. 

3-/537. 

Dimethyl-. See ihioxen. 
mercury oxyacetatc, 535. 

Methyl-. See thioiolen. 

-sulphonic acid, 537. 

Thiopnens, Dimethyl-, 535-537. Sec 
also ihioxen. 

Thioxen, 535. 

Thorium hexadecanedicarboxylate- 1 : 16, 
353. 

Thorpe, 487. 

Thyme oil. See oil of thyme. 

Thymol, 376 , 477. 

Thyroid gland, 454. 

Thyroxine, 454. 

Tickle, 295. 

Tiemann, 452. 
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Tiglic iicid, 152. 

’'J'inui-Viihie, 259, 270. 

''rill :itoms, As^ riiinctric, 222. 
eUiidr, S7. 

Tinotoplioros, 497, 520. 

“'rNT.** S(M‘ trinit rot olmn(\ t^t/rnnuf- 
rical. 

Tobacco, 551. 

'I'olan, 502. 

Toluene, ;15(), 359, 360, oOl, 362, 

;i7r>, liOO, 400, 107, 408, 41 S, 12,8, 
4r>4, 525, 585. 

-.siiI])|u)nMmide, n-, 48S. 

-sulplioiiie acid, ?/?-, '157. 

0-, 157. 

457. 

-sulphonyl chloride, o-, 48S. 

P-, 48S. 

Toluic iunds, 400, 111. 

Toliiidine, a//-, 895, 45) 1. 

0-, 380, 151, '455, 194, 495. 

7A-, 1 1, 380, 151, 491, 195, 527, 584. 
hydrochloride, p-, 8S2. 

Tour, (\\omauo Dk La, 255. 

Train-oil, 87. 

' IVia c(*t( n\ earn i i u' , 1 29 . 
Trialkyl-phosphines, S 4. 

-phospiiine o\i<les, S4, 85. 

Triarni no-azobenzene, 185. 

-benzenes, 48 L 
-Iriphenylcarbinol, 194. 

Trianiylene, 185. 

Trianisylcarbinol, 199, 

Tribasic acids, 198, 19 4, 221, 451. 

Tri n K. Sec ( J l aoston k. 
Tribenzovla<lrcnaline, 455. 
Tribenzylarmin*, 112. 

Tribromo-aniline, 2:1: 5-, 378, 481. 
-hyd rin. See t r i h r n rn o p r o p a n c , 
1:2: 8-. 

-methane. See ttrowoforyn, 

-phenol, 2:4: 5-, :575, 420. 

-pro])ane, 1:2: 8-, 150, 159, 108. 
-resorcinol, 2 : 1 : 5-, 128. 
Tri-w-butylaTnine, 79. 

Tricalciuin saccharale, 252, 258. 
Tricarballylic acid, 193, 194. 
Trichloro-ae(4 al* h4iy (le. Sec* chloral. 
-acetic acid, 109, 196, 197, 280, 255. 
-cthciie, 1:1: 2-, 154, 165, 197. 

-ether, 229, 280. 

-hydrin. S(ic t r i c h lo ro pro pane ^ 
1 : 2 ; 8 -. 

-met hane. See chloroform. 

-]>henol, 420. 

-propane, 1:2: 8-, 159. 

-rmrine, 2 : (i : 8-, 847. 

Tricosane, 88. 

Tricvano-hvdrin. See tricyanopropane, 
* 1 : 2 : * 8 -. 

-propane, 1 : 2 : 8-, 1 98. 
Tridipnenylmethyl, 500. 


Triethyl-amine, 78, 79, 80. 

-aminoniiim liydrovide, 75. 

-arsine, 85. 
citrate, 221. 

-methane, 85. 

-monosilanc*, Sti. 

-])ho.Kphine. 85. 
oxide, SI. 

pyrazoletricar])o\ylate, 537. 

]>yrazollnet ricarboxylate, 588. 
Trihalogenb(‘nz('nes, 1:2: 1-, 415. 
'Prihexosan, 280. 

Trihydric alcohols, 1()8 172. 

phenols, 424-129. 

Tnhydroxy-acids, 141 . 

-anthra(|uinone, 5 : (i ; S-. See pur- 
purin. 

-glutaric acid, 239, 218, 247, 2 IS. 
Tri-iodo-met hane. See iodoform . 

-phenol, 175. 

Triket.O"^ //r/A>hexane. See ph^oroghn inol. 

-hexarnt'tliylf'iKx Scj' phlnntglucittoL 
Trimethoxy -glutaric acid, 289, 210. 

-propanedicarbo\> lie acid, 242, 218. 
Trimethyl-aca't \'l chloride, l()7. 

-amirn*, 7<>, 79, 80, 12t), 1 19, 175, 800, 
851, 855. 

-arabonolactone, 2:8: 5-, 2()l. 
-earbinol, 48, 56, 57, 109, 119. 

-de\tros(», 257, 258, 279, 280. 

-<4henc‘, 145. 

-glucosan, 2(i2. 

-glueostx See irimcflnjfdcjrtro,^c. 

-glyeine, 800. 

-laetol acid, 251. 

-mc4hanol. See trimcthglcarhinol. 
-phloroglucinol, 128. 

-phosfdiint' oxi(le, 85. 

-y)yri(linc*s. Sec* ctdlidincs. 

-starch, 280. 

-succinic acid, 487. 

4Viiiiet}ivlcne. S(*o propane ^ cyclo-. 
brornfilc, 165, 166, 174, :151, 450. 
cyanide. St?e propayic-X : li-dicarho- 
nitrile. 

-diamine. Sec diamino propane^ 1 : :4-. 
Trinitro-anilino, 2:4: 5-. See picra- 
inide. 

-benzene, Symmetrical, 418, 454, 470. ^ 
-butyl-///-xyh'no, 419. 

-cellulose, 2S1. 

-m-butyl toluene, 419- 

-phenol, 2 : 1 : 5-. picric add. 

-pheiiylnitroamine, 88:i. 

-toluene*, Symmetrical, 418, 470. 

4Vi-7?-oct ylamine, 79. 

Trional, 180. 

Trioses, 231, 287, 238, 258. 

Tripeptides, 819. 

Tri phenyl-amine, 877, 381. 

-ehloromethanc, 199. 

-methane, 888, 401 , 419, 492. 
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Triphcnyl-methane dyestuffs, 8ee ros- 

aniline }<, 

-met hyl, 499, 500, 501 . 
iodide, 100. 
peroxide, 400. 

-rostiniliiie hydrochloride. See ani- 
line-id fic. 

Tri-n-propyhimiric, 79. 

Trist.eiiriri, olO. 

Trithio-carhonie acid, 3*1 1. 

-met hyleiie, 

Tkomaikii, 232. 

TitOOSTWYK, J^A JETS VAN, 105. 

''Fropic a(ad, 411, 553. 

*^JYoj)idine, 55 L 
'IVopiiH', 55^^, 551:. 

-carl >ox\ lira cid . See ergoni ne. 
'^iVopiiioiie, .551. 

-carboxylic acid, .55.5. 

Tkoi'ton’s riilc‘, ,50. 

''rrypanosorniasis, 433. 

OYypsin, 2t)S. 

Tryptophan, 210, 210, 545. 

"l's( iiiTS(Mim \iM.v, 525. 

Tul)c-furnace, 7, S. 

Turkey -red, 510. 

'^Furpcntiia' oil. See oil of furpniiinc. 
-subst it utes, ,511. 

T\\ n\‘ilKM/s saponiOcat ion-process, 100. 
'I'vrarniTic. See /igd ro.ry ph enylelhgl- 
ninini\ ])-. 

'^r\rian purple, 5 IS. 

^Vrosinasc*, 152. 

Tvrosjne, 212, 215 -2, IS, .220, 453, 1.51, 
150. 

r. 

I]ltra-(*(»ntrifuj^inf2:t T2(). 

-viok't lif^ht. See cotalgiir aeiioii. 

I ’iid(»cane, 2S. 

-dicarbo\\ lic-1 : II acid, ISl. 
IYidecaTioTie-2. Sei* nu ih gl non yl ketone. 
rnd(*c\ leiiKt acid, 152. 

[’nder-])roof spirit, .5.2, 
rnirnohaailar form, .500, 502. 
react ions, 111, 2.55, 

1'nsatuniti‘d acids, 152-157, 171, 172. 
alcohols, 1 10 151. 
aldehydes, 1.5S 100. 
compounds, 1.22. 

Structure of, 1.2.5-141. 
dibasic acids, ISO -192. 
halogen compounds, 1 17-149. 
hydiocarbons, .20, 09, 131 146, .2.54, 
413- 

ketones, 100. 

monobasic acids, 152-1.57. 
Thisymmetrical coinpoiinds, 20S. 

I Tamil. See nminoitarhiluric acid. 
rraniiim ox'akite, 179. 

ITea., 1, 221, 224, 335-338, 342-340. 
iso-, 228. 


Urea, nitrate, 335, 336, 337 . 

oxalate, 227. 

TTeides, 242. 

Ilreido-acids, 343. 

Urethane, 14, 339 , 340 . 
rrethanes, 2.29, 240. 

Uric acid, 2SS, 343 - 348 . 

Kroiij), 242-248. 
pseu/lo-f 24.5. 

Urine, 1.20, 335 , 245. 

‘ ‘ I ’rotropirie, ' ' 1 20 . 

Uvdol lamj>, 415. 

V. 

V5ieiiiim-< list illation, 19, 20 . 

-tar. Sc'(‘ lat\ vaeumn-. 
ValeiKn-electrons, 304 , 305 , 207. 

of earbon, 17 , (iO, 89 , i:i.j 13S, 149 , 

501. 

Valeraldeliyde, 110 . 

-ammoni.a, i.so-, 201 . 

Valerie acid, .5S, 93 , 10.2, 215. 

Active, 183 , 201, 20.5. 

?.s‘o-, 250. 

Valerolactoiie, 197. 

Valervl-^rouj), 94. 

Vanilla, 2.50, 453 . 

Vanillin, 152, 4.52.'-^ 

Vapournhaisity apparatus, \ 2 (’tor 
MkykiFs, II, 57. 

Determination of, 10 - 12 . 

\'i(’'r<)R JMeykk’.^ method for, 
10-12. 

Varnish, 171. 

‘‘Vaseline,” 2 (». 

Vat-dycin^j;, 547, .5 IS. 

-dyestuffs, 127, 548 . 

VcKetabk* dyi^stuffs, 442-444. 
lats, 21, 99 , 171 , 172 , 272. 

-ivory mit, 245. 

Velocity of formation of tctra-alkyl- 
ammonium iodides, 77 . 

Vera t role, 422. 

VEUK\nE, 177. 

Vesuvine. See Bisnmrek-hroum. 

ViHa angustifoliay 250. 

fahn. Sc*e horse-bean. 

Vicianin, 250. 

Vh'cianosc, 250. 

\ 2 cinal compounds, 208. 

VYi.l,iokr, 290. 

Vine^jjar, Quick proce.ss for, 90. 

-manufacture, 90. 

V^ine-liee, 2.24. 

VinvI-aeetic aeid, 1.52, 154. 
alcohol, 149. 
bromide, 147, 148. 
chloride, 148. 

-ethene, 141. 

-group, 559. 

Violets, 100. 
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Violuric acid, 345. 

Viscose, 281. 

Viscosity, 97. 

Vital force, 1. 

Vitamin-.4, 271 . 

-B 272. 

nydrochloride, 272. 

-C, 272. 

-D, 271, 272. 

-E, 271. 

Vitamins, 271, 272. 

Vitellin, 311. 

Volatile fatty acids, 171. 
VoLHAltD, 328. 

VorlXnder, 384. 

Vulcanite, 489. 
Vulcanization, IGf), 334, 489. 


W. 

Waomore, 332. 

Walden, 20r), 302-305. 

inversion, 302-305. 

Walker, Sir James, 336. 

Water-gas, 51. 

Wax, 01. 

Earth-, 30, 37. 

Par.affin-, .35, 36, 93, 100. 

Weak hydrolysis, 2.85. 

Wbujel, 18. 

Werner, 222, 223, 498. 

Whey, 251. 

Whisky, .54. 

White ‘load, 98. 

WlELANt), 124. 

WiLFARTII, 6. 

Williamson, Ethor-svnthesis of, 07, 08. 
WiLL.sTA'rTER, 209-271, 296, 36.5, 367, 
443, 472, 534, 554, .555. 

Wine, 54, 90. 

Spirits of, .52. 

Winas, Fortified, .54. 

Wintergreen oil. See <nl of umtrrgrren. 
Wipers, 280. 

WiSLIOENlIS, 227. 

Witt, 496, 497. 

WdiiLKR, 1, 2, .326, 336, .337. 
Wollaston, 317. 

Wood, 50, 239, 277, 280. 

-charcoal, 4.51. 

Combustion of, 126. 

Distillation of, 50, 51. 


Woodruff, 464. 

Wood-spirit 50 , 55. 

-sugar. 1 ^ xylose. 

-tar, 60. 

Wormseed oil. See oU of wormseed. 
Wurtz, 21, 327, 360, 370, 607, 636. 
-Fittio synthesis, 360 , 370, 507, 536. 
Fractionating column of, 21 . 


X. 

Xanthic acid, 335. 

Xanthine, 314, 345-348, 551. 
Xanthoprotein-reaction, 310, 31.3, 315. 
Xanthonc, 442. 

dyestuffs, 442. 

Xylene, w-, 362, 461. 

0-, 302, 458. 
p-, 362, 461. 

-sulphonic acids, 362. 

Xylenes, 360, 361, 457, .5.35. 

Xylic acids, 400. 

Xylidines, 380. 

Xylitol, 172, 173, 236, 240. 

Xylonic acid, 239, 247. 

Xylose, 236, 239, 240, 246, 248. 
Xylylene bromide, 0-, .505. 


Y. 

Yeast, 51, .52, 129, 264-267, 268-270, 
277, 301, 324. 

-cells. 51, 264, 265, 267. 

-saccharasc, 271. 

Yeasting, .57, 

Young, Sydney, 21, 39, 49. 

Formula of, 39, 49. 
Fractionating-column of, 21. 


Z. 

Zeisel, 261. 

Zempl^n, 259. 

Zinc alkides, 86, 87, 118. 
cthide, 86. 
hydrosulphite, .547. 
lactate, 203. 

methide, 86, 87, 118, 168. 
propide, 86. 

Zymase, 265, 268. 








